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A FIELD METHOD OF ANALYZING 
GAME BIRD FOODS! 


Verne E. 


A practical problem facing every 
wildlife technician is the determination 
of the relative importance of available 
plants as food for any given animal 
species. To a considerable extent field 
studies may be made to supplement 
laboratory analyses though field meth- 
ods are obviously less complete and the 
results obtained of more limited appli- 
cation than those that can be made in 
the laboratory with adequate equip- 
ment, trained personnel, and reference 
collections. 

The rapid method here outlined de- 
scribes a procedure by which relative 
quantities of plants taken in winter by 
birds with crops may be determined in 
the field. The method does not apply 
to gizzard analyses and is not designed 
to solve such problems as the economic 
status of wildlife species, the nutritional 
values of different foods, or the year 


‘Grateful acknowledgement is made to 
Dr. Clarence Cottam, Food Habits Section of 
the Bureau of Biological Survey, W. L. 
McAtee, Technical Adviser, Biological Sur- 
vey, and Dr. William R. Van Dersal, Soil 
Conservation Service, for assistance in the 
preparation of this manuscript. To the sev- 
eral field biologists who made most of the 
collections and to Dr. Cottam’s staff, par- 
ticular credit is due for making materials and 
identifications available—without which the 
method could not have been thoroughly de- 
veloped. 
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round food requirement of any animal. 
It has proved practicable, however, as 
a basis in outlining local programs of 
farm planning to benefit game birds. 

Using this method, investigation of 
the winter foods of the bobwhite (Co- 
linus virginianus) is now being made by 
biologists? in the Southeastern Region 
of the Soil Conservation Service. A 
similar, though less extensive, study of 
mourning dove (Zenaidura macroura) 
foods is also in progress. The biologists 
were able to devote only a few hours 
each week to obtaining, analyzing, and 
recording the contents found in the 
crops of 2,047 quail and 358 doves dur- 
ing the open hunting season of 1938-39. 
The crops and some gizzards of only 
886 quail and 159 doves were analyzed 
in 1937-38, but 1939-40 collections are 
expected to exceed 5,000. 

Crops were collected by farmers, 
sportsmen, and the biologists and their 
colleagues in the Service. Thus little of 
the biologists’ time was required, very 
few birds were taken that would not 


2 The results of this work will be published 
by the field biologists by localities. The first 
report, “A Study of Bob-white Foods in 
Relation to Farm Problems in Northern 
Mississippi,” was presented at the Fifth 
North American Wildlife Conference by 
J. A. Johnson, Area Biologist, Soil Conser- 
vation Service, New Albany, Mississippi. 
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have been killed in the usual course of 
sport shooting, and a vast amount of 
information was obtained that other- 
wise would have been wasted. 

A surprisingly long season is covered 
by these studies, for within one or more 
of the seven southeastern States quail 
seasons open in November and close 
March 1, while some dove seasons open 
September 1 and others close February 
15. The food determinations are prob- 
ably applicable over a still longer pe- 
riod, including a few weeks before and a 
few weeks after the season, perhaps 
from October through March or early 
April for quail and August through 
March for doves. 

Coupled with adequate knowledge of 
local plant ecology, this survey of the 
food supplied by grains, weeds, legumes, 
fruits, and mast aids materially in de- 
termining ways through which the 
production of game birds may be 
planned as a part of a permanent agri- 
culture in the southeastern States. 


DESCRIPTION OF METHOD 


Only the crop of the game bird is 
saved by the collector. At a convenient 
time the contents are spread on a paper 
and, after drying, placed in a coin en- 
velope to be kept until analyzed. These 
envelopes are approximately 3X5 
inches in size and are printed with a 
form on which are recorded data, in- 
cluding the name of the species of bird, 
the date killed, approximate location in 
relation to the nearest town, the county, 
State, collector’s name, and a serial 
number. 

Equipment needed includes a hand 
lens, a glass graduate calibrated to one- 
tenth cubic centimeter, a pair of for- 
ceps, two or three different-sized 


screens, a pencil and tablet, and 4 
reference collection of local seeds and 
fruits that can be built up as oppor- 
tunity permits in connection with other 
field work. 

In analyzing the crop content, the 
purpose is to separate, identify, and 
measure each item as to its percentage 
of the total food. Identification is made 
by comparison and is recorded by both 
the scientific and common names, Ex. 
ception to this rule is made of animal 
food which is recorded as “insects,” 
“snails,” ‘‘spiders,” or merely “animal 
matter.”’ All herbage is treated under 
one head, “‘green leaves.” 

The number of seeds, fruits, or in- 
sects, if only a few, may be given, but 
measurement by cubic centimeters is 
depended upon to ascertain percentages, 
When small amounts are involved, 
greater accuracy is obtained by com- 
parative judgment than by measure- 
ment. A quantity of less than 1 percent 
is recorded as a “‘trace.’’ Quail crops 
containing less than 1 cc. and dove 
crops less than 2 cc. of food are not 
used. Table 1 shows the manner of re- 
cording each crop analysis. 

Of great help are means of quickly 
separating the different seeds in each 
crop. Contents are poured on a paper; 
5X8 inches is a good size. Larger ob- 
jects such as acorns, cowpeas, and fruits 
can be separated from the smaller by 
the use of a screen of 12 meshes to the 
inch. If there is considerable fine or 
sandy material, the remaining contents 
may be placed in a small-mesh tea 
strainer that will allow the dirt to sift 
through but retains the seeds. Separa- 
tion of the smaller seeds often can be 
made by using a kitchen strainer hav- 
ing about 18 meshes to the inch. It is 
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TABLE 1 
MANNER OF RECORDING EACH CROP ANALYSIS 


Tom Craig (collector) 


Bob-white (Colinus virginianus) 
Spartanburg County, S. C 





Moore, 8S. C. December 10, 1938 
Cro 

Ba Contents Number Volume cc. % 
2 Ambrosia elatior (ragweed) 2.4 34 
Lespedeza striata (common) 2.0 28 

Galactia volubilis (milk pea) 1.4 19 

Insects 0.8 11 

Bradburya virginiana (butterfly pea) 0.6 8 

Sorghum halepense (Johnson grass) 9 trace 

7.2 100% 


best to remove the larger items first; 
some of these can be raked out with a 
pencil or forceps. Round seeds can be 
rolled from one sheet of paper to an- 
other. 

When separation by screens and by 
raking or rolling has been accomplished, 
the remaining seeds, if of more than 
one species, may be apportioned by 
either of two methods. First, they may 
be measured together, again spread on 
the paper, and relative amounts of each 
estimated either by sampling small 
portions of the total or by counting the 
seeds of species occurring in small num- 
bers after once determining the number 
in one cubic centimeter. The second 
method, highly laborious, is by actually 
separating the seeds one by one. This, 
while necessary in some _ instances, 
should be avoided whenever possible. 

In analyzing material from a new 
plant region, seeds not immediately 
identifiable must be reckoned with; 
these can be given numbers by which 
they may be recorded until the name 
can be learned and substituted for the 
number. It is important to examine 
crops promptly to avoid large accumu- 
lations that may lead to undue post- 
ponement. 

Ten or twelve crops from the same 


locality can be analyzed and recorded 
in an hour, though an occasional mix- 
ture of 10 to 20 food items in a single 
crop may take half an hour, or even 
longer if new seeds are to be identified. 
Requirements for speed, and therefore, 
for volume of work include: familiarity 
with seeds, separation of species by 
screens, and disregard of minute items 
that are of little practical informational 
value. 

Individual crop records from each 
county, or group of counties having 
similar conditions, are summarized to 
obtain average percentages of food 
items and the number of crops in which 
they were found. Table 2 is a summary 
of 79 crops. 

The “total volume” figures are the 
sums of individual percentages by 
species. “‘Average volume”’ figures are 
the results of dividing the total volume 
of each food item by the number of 
crops. Frequency of occurrence is ex- 
pressed in numbers but includes only 
the times when the items were recorded 
as 1 per cent or greater in individual 
crops. 


DISCUSSION 


The type of study here described is 
confined to items that can easily be 
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TABLE 2 


SUMMARY OF THE CONTENTS OF 79 QUAIL CROPS 


Chester (13), Spartanburg (6), Lancaster (7), and York (53) Counties, S. C, 
Nov. 27, 1938—Jan. 28, 1939 














' | Volume in % Number of 

Food item crops having 

| Average Total 1% or more 
Lespedeza striata (common) 43.8 3,463 47 
Lespedeza stipulacea (Korean) 10.2 808 9 
Vigna sinense (cowpeas) 7.8 622 7 
Lonicera japonica (honeysuckle) 6.8 533 14 
Ambrosia elatior (ragweed) 5.8 456 18 
Desmodium sp. (beggarweed) 5.0 395 11 
Pinus echinata (loblolly pine) 3.8 300 3 
Chamaecrista nictitans (partridge pea) 2.4 188 27 
Rhus radicans (poison ivy) 2.1 164 6 
Acmispon helleri (acmispon) 2.1 161 13 
Galactia volubilis (milk pea) 1.5 118 16 
Sorghum vulgare (sorghum) 1.3 100 1 
Callicarpa americana (beautyberry) 1.3 100 1 
Avena sativa (oats) 1.2 98 2 
Insects 1.2 94 15 
Green leaves 0.9 74 17 
Liquidambar styraciflua (sweet gum) C.F 53 4 
Lespedeza virginica (wild perennial L.) 0.7 49 9 
Bradburya virginiana (butterfly pea) 0.3 27 7 
Agrostemma githago (corn cockle) 0.3 25 4 
Symphoricarpos orbiculatus (coralberry) 0.1 10 1 
Persea sp. (red bay) 0.1 10 1 
Ceanothus americanus (Jersey tea) 0.1 9 2 
Secale cereale (rye) 0.1 8 2 
Cornus florida (dogwood) 0.1 rj 1 
Diodia teres (rough buttonweed) 0.1 5 3 
Quercus sp. (oak) 0.1 4 1 
Juniperus virginiana (red cedar) trace 3 2 
Paspalum sp. (paspalum) trace 2 1 
Digitaria sanguinale (crab grass) trace 2 1 
Passiflora incarnata (maypop) trace 1 1 
Unidentified 0.1 11 2 

100.0% 7,900 


The following were found in one or more crops but the quantity was less than 1 percent 


in every case: 
Bignonia radicans (trumpet vine) 
Cracca sp. (wild sweet pea) 
Croton glandulosus (croton) 


Digitaria ischaemum (smooth crab grass) 


Panicum sp. (panic grass) 
Paspalum boscianum (bull grass) 


Persicaria pennsylvanica (smartweed) 
Rhus glabra (sumac) 

Rhynchosia sp. we 

Scleria sp. (nut rus 

Sorghum halepense {ohnson grass) 
Vicia sp. (vetch) 





determined and takes every possible 
short cut from approved laboratory 
methods so that a large number of 
crops can be analyzed in a minimum of 
time. 

The following deviations from end. 
ard practices in food collection and 
study are important under this method: 


(1) Material is collected during the 
open season by hunters and kept dry 
until examined, (2) only the crop con- 
tents are analyzed, (3) minute items 
are disregarded, (4) summaries show 
the total percentages of each species, 
and (5) only the crops in which a food 
is found as 1 per cent or more are 
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recorded in the frequency of occurrence 
figures. 

1. Crops are collected and kept dry 
rather than in formalin solution or 
alcohol, for convenience and because 
time is thus saved both in collecting 
and in analyzing the material. Dry 
crop contents, if kept for a long time, 
might possibly be destroyed by insects, 
though no difficulty of that sort has 
been experienced over a period of 
several months. 

Data obtained with each crop cannot 
be very detailed because hunters are 
unwilling to stop in the field to record 
the sex, exact time, type of surrounding, 
and other observations. Sufficient in- 
formation is obtained, however, for the 
purposes of the study. 

2. The identification of seeds, fruits, 
mast, “animal matter,” and “green 
leaves” is not as difficult as might be 
anticipated, if only crop contents are 
studied. While this is an important 
reason for limiting examination to the 
crop, the main reason is that the crop is 
the only part of the alimentary canal in 
which foods remain in the same propor- 
tionate amounts as eaten. When mate- 
rials enter the gizzard, digestion acts 
immediately but with great variation in 
the rate for different kinds of foods. 
Hard seeds are retained many times 
longer than soft ones and may be al- 
most entirely indigestible. For example, 
the seeds of rough buttonweed (Diodia 
teres) are commonly found to be a major 
item in gizzards, but in 2,047 crops 
these seeds were recorded as 1 per cent 
or greater in only 24, with a total 
quantity of only 66 parts out of a possi- 
ble 204,700. Conversely, the softer 
seeds and fruits would not be given due 
importance in gizzard percentages. The 


findings of fruit stones in a gizzard is 
not an assurance that the fruit was 
eaten, for these pits may sometimes be 
taken as a substitute for gravel. De- 
pendable analyses of gizzard contents 
is both time consuming and impractica- 
ble for field use. Table 3 compares the 
contents of the crops and gizzards of 
50 bob-whites. 

Scientific names of species identified 
are necessary since local common names 
do not always trace to the same plant, 
but common names are needed for the 
layman who is not familiar with Latin 
names. Except for animal matter and 
green leaves or buds, a field reference 
collection can be accumulated in a 
short time, and by comparison most 
of the food found in crops can be iden- 
tified. 

Unfamiliar seeds for which field 
identification is not possible may be 
sent to the Bureau of Biological Survey, 
Washington, D. C. It has been our 
practice at frequent intervals to sub- 
mit to the Survey all questionable 
material found. 

Studies of summer foods of quail and 
of winter bud eating birds, or an eco- 
nomic study concerned with insect 
pests would require emphasis on green 
foods or on animal matter, respectively, 
but an investigation of the winter foods 
of the dove and quail can be satisfac- 
forily carried on almost without atten- 
tion to any foods other than seeds and 
fruits. Green leaves can usually be 
identified as to species but as the total 
amount taken is relatively small 
throughout the winter season, the 
species are not separately determined. 
Insects are grouped as a single item 
because the total taken is small in win- 
ter and segregation would contribute 
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TABLE 3 
CONTENTS OF CROPS AND GIZZARDS FROM 50 BOB-WHITES | 
Taken in Grenada and Yalobusha Counties, Mississippi 
December 20, 1937-January 3, 1938 > 
the 
Average volume Total volume Times occurring foc 
Food item e1 
Crop | Gizzard| Crop | Gizzard| Crop | Gizzard : 
me 
Quercus spp. 42.0 9.2 2,097 461 26 18 of 
Lespedeza striata 31.1 19.4 1,555 969 29 24 
Desmodium sp. 9.6 5.1 482 254 22 21 pel 
Vigna sinense 9.1 0.6 455 30 8 l wi 
Lespedeza spp. (virginica type) 2.4 33.4 121 1,670 10 40 
Chamaecrista fasciculata 1.6 3.5 82 175 4 4 th: 
Paspalum boscianum 2. 3.9 76 192 3 6 Tk 
Galactia sp. 0.9 3.1 44 155 4 7 
Zea mays 0.5 24 = 2 cel 
Liquidambar styraciflua 0.5 23 1 2 1 bet 
Green leaves 0.3 16 - 2 
Insects 0.2 1.1 9 55 2 3 of 
Stylosanthes biflora 0.1 0.6 5 30 1 1 mt 
Panicum sp. 0.1 0.3 5 11 1 2 
Strophostyles pauciflora 0.1 0.5 4 25 2 2 col 
Ambrosia trifida 7 0.3 1 15 1 2 er! 
Fraxinus sp. T 1 1 
Diodia teres 7.7 T 387 23 cul 
Cornus florida (stones) 2.4 120 6 ral 
Prunus serotina (stones) 1.3 65 4 
Chamaecrista nictitans 1.2 T 60 5 sul 
Nyssa sylvatica (stones) 1.0 50 2 th: 
Scleria spp. 0.9 ‘iy 46 9 
Ambrosia elatior 0.6 31 9 = 
Paspalum ciliatifolium 0.6 - 31 5 ite 
Carpinus carolinianus 0.5 25 2 | 
Rhus radicans 0.5 25 2 po 
Crataegus sp. 0.5 25 1 ful 
Tlex decidua 0.4 20 1 ; 
Vitis sp. 0.3 15 2 
Strophostyles helvola 0.3 15 1 am 
Rhynchosia sp. 0.2 T 12 2 we 
Carex sp. 0.1 5 1 eS 
Rhus glabra 0.1 5 1 me 
Paspalum sp. 0.1 = 5 1 or 
Panicum scribnerianum 0.1 3 5 1 
Paspalum floridanum 0.1 5 1 no 
Unidentified 0.1 5 1 eit 
Digitaria sanguinale = 
Passiflora incarnata = suc 
Geranium carolinianum T kn 
Croton sp. x 
Strophostyles umbellata T me 
100.0 | 100.0 | 5,000 | 5,000 | 
e 
T =Trace. the 
little to the purposes of game bird for determining the relative amounts of > 
management. food and needs no special discussion rma 
Through years of trial by the Biologi- here. The number of seeds is not essen- ae 
cal Survey, the volumetric method has __ tial but may be given as a fact of inter- th 
proved to be the most practical measure _ est. “a 
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The important figures for each crop 
analysis are those for the percentage of 
the total contents composed of each 
food. A crop containing 10.0 cubic 
centimeters requires only the measure- 
ment of each item to the nearest tenth 
of a cubic centimeter to get direct 
percentages to 1 per cent. In conformity 
with prevailing practice, anything less 
than 1 per cent is recorded as a “trace.” 
The content of a crop of only 2.0 cubic 
centimeters is not so easily measured 
because one-tenth of a cubic centimeter 
of it is 5 per cent and percentages not 
multiples of 5 must be ascertained by 
comparative estimates. The factor of 
error in crop contents of less than 1.0 
cubic centimeter is too great to war- 
rant percentage estimates. In making 
summaries of analyses, it is assumed 
that the recorded percentages are rep- 
resentative of full meals. Thus an 
item of 50 per cent is given equal im- 
portance whether the crop is only half 
full or is well filled. 

3. Occurrence of food items in trivial 
amounts is likely to be disturbing un- 
less one realizes that an unusual seed 
may have been accidentally ingested, 
or that one small seed more or less does 
not change the percentage column. In 
either case, identifying and recording 
such a morsel could contribute little 
knowledge that would serve manage- 
ment needs. Items of less than 1 per 
cent in individual crops may at times 
be overlooked or left unidentified for 
the study is not intended to be exhaus- 
tive except for foods that are found in 
sufficient quantities to measure. Rare 
items in small quantities do not greatly 
concern the field biologist, and ignoring 
them facilitates the investigation. Mis- 
cellaneous material including foods in 


minute quantities, bits of hulls, or of 
wood, gravel, sand, and other debris, 
and shot, and feathers frequently 
carried into the crop with the lead pellet 
are not recorded because they are not 
significant for our studies. 

4. While individual crop records are 
highly important, summaries that bring 
together data from large numbers of 
samples and demonstrate average utili- 
zation are far more significant. 

The “total volume” figures are re- 
tained in the summaries to expedite 
further combinations without returning 
to the original records. They should be 
appraised in connection with the num- 
ber of occurrences. For example, if the 
total volume is 100 and the occurrence 
1, it means that one bird made a full 
meal of the item. Again, if the com- 
bined volume is 2,400 and the frequency 
48, it signifies that nearly 50 birds made 
the item 50 per cent of their food for the 
period, thus proving it to be of con- 
siderable importance. While average 
volume represents a theoretical crop 
content, total volume is a record of fact. 

5. To be consistent with the intent of 
dealing solely with substantial quanti- 
ties of food, the number of occurrences 
counted includes only those in which a 
food item occurred as 1 per cent or 
more of the contents of a crop. Further- 
more minute traces often escape the eye 
aided only by a hand lens, hence a fre- 
quency record including traces would 
not be accurate. It seems proper to list 
separately at the end of a summary the 
species occurring only as traces, and 
while this list may not be complete, it is 
useful. 

Considerable importance attaches to 
the. minimum number of crops neces- 
sary to obtain a dependable appraisal of 
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TABLE 4 


AVERAGE PERCENTAGE OF EACH FOOD ITEM AS SHOWN By 
SUMMARIES OF VARYING NUMBERS OF QUAIL CROPS 
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Food items by species 
or groups 


Numbers of crops in each summary 





377| 283 


189 





Quercus spp. 
Lespedeza striata 
Soja max 

Vigna sinense 

Glycine apios 
Ambrosia elatior 
Sorghum vulgare 

Zea mays 

Desmodium spp. 
Cornus florida 
Paspalum boscianum 
Chamaecrista fasciculata 
Lespedeza spp. (perennial) 
Falcata comosa 
Insects 

Strophostyles helvola 
Chamaecrista nictitans 
Croton capitatus 
Galactia volubilis 
Robinia pseudoacacia 
Impatiens biflora 
Rhus glabra 

Prunus serotina 
Liquidambar styraciflua 
Vaccinium arboreum 
Digitaria filiformis 
Green leaves 
Sassafras sassafras 
Sorghum halepense 
Bradburya virginiana 
Hicoria sp. (pecan) 
Cracca sp. 

Juniperus virginiana 
Unidentified spp. 
Paspalum ciliatifolium 
Diodia teres 

Physalis sp. 

Panicum spp. 

Rhus copallina 
Phaethusa virginica 
Lonicera japonica 
Fraxinus americana 
Strophostyles pauciflora 
Citrullus citrullus 
Digitaria sanguinale 
Vitis sp. 

Rhus radicans 
Liliaceae 

Ceanothus americanus 
Helianthus sp. 
Lespedeza stipulacea 
Paspalum laeve 

Snail 

Psoralea pedunculata 
Sida spinosa 
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The following were found in one or more crops but the quantity was less than 1 per cent in 
every case: (The number preceding each { refers to the summary of the same number of 
crops in Table 4). ams 
4—Rhynchosia sp., Chamaesyce hyssopifolia. 
18—Iva ciliata, Scleria ciliata. 
57—Carduaceae, Uniola sp. 
95—Parthenocissus quinquefolia, Lathyrus sp., Geranium carolinianum. 
189—Persicaria sp., Cyperaceae, Cephalanthus occidentalis, Andropogon virginicus. 
283—Phytolacca americana. 
Traces recorded in smaller summaries have also occurred in each larger summary. 





each plant food item. The time of most make the column headed 9. This 
field men is so limited that nomore than method of random selection was con- 
500 to 1,000 crops can be analyzed each _ tinued until summaries involving the 
season, and a problem before our biolo- whole 471 crops were obtained. 

gists is whether that is enough. Table 4 Sixty-nine plant species or food 
shows summaries of varying numbers of groups are listed in Table 4. In Table 5 
crops from a series of 471 bob-whites these are grouped into 10 classes ac- 
collected in Yalobusha County, Mis- cording to their percentages as shown in 


TABLE 5 


NUMBER OF FOOD ITEMS FROM TABLE 4 GROUPED ACCORDING 
TO CERTAIN PERCENTAGE CLASSES 























Percentage of volume Numbers of crops in each summary 
classes 471| 377| 283 | 189| 95 | 57 | 18 | 9 | 4 
49% and above 1 
30-49% 
22-30% 2 2 2 2 2 2 1 2 2 
16-22% 2 1 
10-16% 2 2 2 2 2 2 1 2 
4-10% 1 1 1 1 1 1 3 1 
1- 4% fd 8 6 7 a 6 4 1 
.3-.9% 13 14 i7 13 8 5 4 4 2 
.1-.2% a4 10  f 10 9 12 6 1 
Trace 19 15 14 12 10 3 
Total measurable items 55 52 49 47 39 31 21 11 6 
Unmeasurable traces 14 16 18 15 13 10 9 9 9 
Total species recorded 69 68 67 62 52 41 30 20 15 
Decrease in number of items 1 2 i 17 28 39 49 54 











sissippi, between November 26, 1938 
and February 3, 1939. 

A study of the summaries in table 4 
indicates the relative value of 1/100, 
1/50, 1/25, 1/8, 1/5, 2/5, 3/5, and 
4/5ths to the entire 471. The lots were 
selected by taking first the crops num- 
bered 100, 200, 300, and 400; these are 
the 4 crops summarized in the next to 
last column. To these were added 5 
crops numbered 50, 150, 250, etc., to 


Table 4; the results indicate the inade- 
quacy of small numbers of crops, and 
the relative importance of a few food 
items (1% and above) to the remainder 
(.9% and below). 

In summaries of 189 or more crops, 
the most important 12 plants remain in 
practically the same order (except 
Sorghum vulgare) and the next 13 (with 
three exceptions) remain in the 0.3 to 


0.9 percentage classes. The other 30 
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species are of minor import because in 
471 crops either the frequency of oc- 
currence was extremely low or the 
amount was less than 2 parts in 1,000; 
generally both of these conditions pre- 
vailed. The number of species recorded 
from the crops was quite inadequate in 
the lots of 4, 9, and 18, and rather un- 
satisfactory in 57. In the lot of 95 crops, 
variety of content appears to reach a 
median condition. The rate of increase 
in information rose very slowly in lots 
189 and beyond. In other words in 
smaller collections, too many important 
foods are unrepresented. 

Handling the data in another way re- 
veals that of the 55 measurable food 
items only 1 occurred in as many as 44 
per cent of the 471 crops. Table 6 
groups the number of food items occur- 
ring in certain percentage ranges. 

Table 7 presents a comparison of 4 
groups of 94 crops and one of 95 to the 
total of 471 to reveal the extent of vari- 
ation one may anticipate between col- 
lections of about the same size made in 
a locality during the same period. 

Tables 5, 6 and 7 indicate that one 
may safely conclude from large collec- 
tions that food items of small or infre- 
quent occurrence are relatively unim- 
portant to management. This is valua- 
ble as indicating that management may 
safely decrease many species while en- 
couraging only a few that are more de- 
sirable. 

In conclusion it may be said: (1) 
That a summary of fewer than approxi- 


mately 50 crops is wholly inadequate; 
that 100 approaches a dependable num. 
ber; that 200 is desirable; and that stil] 
greater numbers refine average deter. 
minations, though the degree of jm. 
provement becomes rather slight. In 
other words, results from a few birds 
ean be taken only as indicating that 
certain foods are of probable impor- 
tance; (2) Average percentages of each 
species may be expected to vary within 
limits of approximately 25 per cent, or 
even more, for items of infrequent oc- 
currence. 

These conclusions are further verified 
by studies conducted throughout the 
southeastern States in which summa- 
ries of from 2 to 602 crop contents were 
made. (Note, it should not be inferred 
that the utilization of plant species as 
shown by these tables is applicable to 
all sections of the Southeast as it most 
emphatically is not.) 

It is probably better to gather from 
100 to 200 crops from a given locality 
each year for from 3 to 5 years than to 
get 300 to 500 in a single year if time is 
limited for analyzing the crops. Climat- 
ic variations that must be reckoned 
with, but which cannot be controlled, 
commonly affect the abundance of food 
each plant produces comparing one 
year with another. A 3- to 5-year study 
should be sufficient to place each plant 
species in one of four classes of impor- 
tance: namely, (1) Species taken often 
and in large quantities; (2) species 
taken commonly in small quantities, 


TABLE 6 


NUMBER OF FOOD ITEMS OCCURRING IN 471 QUAIL CROPS 
BY CERTAIN FREQUENCY RANGES 


Under 
Range in per cent 1% 
Number of fooditems 24 


Above 


1-2% 3-5% 6-10% 11-15% 16-20% 21-35% 35% 
10 6 s 3 2 1 1 
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TABLE 7 
SHOWING VARIATION BETWEEN SEPARATE {THS TO THE TOTAL SUMMARY 











Digits included in each group 





1-6 


2-7 





Food item 


Number of crops 








94 


94 





Quercus spp. — 
Lespedeza striata 
Soja max 

Vigna sinense 

Glycine apios 
Ambrosia elatior 
Sorghum vulgare 

Zea mays 

Desmodium spp. 
Cornus florida 
Paspalum boscianum 
Chamaecrista fasciculata 
Lespedeza spp. (perennial) 
Falcata comosa 

Insects 

Strophostyles helvola 
Chamaecrista nictitans 
Croton capitatus 
Galactia volubilis 
Robinia pseudoacacia 
Impatiens biflora 
Rhus glabra 

Prunus serotina 
Liquidambar styraciflua 
Vaccinium arboreum 
Digitaria filiformis 
Green leaves 

Sassafras sassafras 
Sorghum halepense 
Bradburya virginiana 
Hicoria sp. (pecan) 
Cracca sp. 

Juniperus virginiana 
Unidentified spp. 
Paspalum ciliatifolium 
Diodia teres 
Physalis sp. 

Panicum spp. 

Rhus copallina 
Phaethusa virginica 
Lonicera japonica 
Fraxinus americana 
Strophostyles pauciflora 
Citrullus citrullus 
Digitaria sanguinale 
Vitis sp. 
Rhus radicans 
Liliaceae 
Ceanothus americanus 
Helianthus sp. 
Lespedeza stipulacea 
Paspalum laeve 

nail 
Psoralea pedunculata 


Sida spinosa 
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often in moderate amounts, or occa- 
sionally in quantities above 50 per- 
cent; (3) species usually unimportant 
on the whole but occasionally eaten in 
moderate amounts; and (4) those taken 
in negligible amounts. 

The relative significance of the food 
plants is evident to one having a fair 
knowledge of their abundance locally. 
While availability is perhaps the gov- 
erning factor when preferences are 
equal, various seeds though produced 
abundantly, are not eaten by a given 
bird. Nutritional values of each food, 
determined by laboratory analysis, 
when available may be applied to eval- 
uate further each species. 

The summaries of food utilization 
are designed to supply dependable in- 
formation for the wildlife field worker 
regardless of his primary interest or his 
technical training. A grouping of food 
items of interest to the agriculturist 
might segregate species associated with 
cultivation, pasture, and woodland. An- 
other arrangement could be used to 
show the relative values of trees, shrubs 
cultivated crops, and native herbs. Ap- 
plication of the results will depend upon 
the opportunities afforded in the local- 
ity concerned. In relation to soil con- 
servation measures the basic informa- 
tion derived from summarized crop 
analyses directs attention to plants of 
most importance, thus improving the 
effectiveness of field operations. 


CoNCLUSION AND SUMMARY 


In the Southeastern Region of the 
Soil Conservation Service, biologists 
are making a field study of the winter 


foods of bobwhites and mourning doves. 
The resulting information is representa- 
tive of a period of from 4 to 6 months, 

1. The method employs many short. 
cuts to permit the examination of ma- 
terial in the field. 

2. Only the crop is examined because 
this is the only portion of the aliment- 
ary canal from which foods may be re- 
trieved in the same proportions as 
eaten; identification of the food items 
from crops also is easier than from giz- 
zards. Field identification of material ip 
crops is made by comparison with refer- 
ence collections gathered locally; when 
further research proved necessary, as- 
sistance has been given by the Food 
Habits Section of the Bureau of Bio- 
logical Survey. 

3. Collections are made by farmers, 
sportsmen, and Soil Conservation Sery- 
ice employees of crops made available 
in the course of usual sport shooting. 
Crop contents are dried, placed in en- 
velopes on which pertinent data are 
recorded, and held until analyzed. 

4. The volumetric method is used to 
determine the percentages of food in 
the crop content after gravel, chaff, and 
other debris have been discarded. 

5. Individual records are combined 
into summaries by single counties or 
groups of counties having similar agri- 
cultural conditions. 

6. Tests indicate that more than 50 
crops, and preferably from 100 to 200, 
are needed to determine the importance 
of foods in a single locality. The short- 
cut method here described is particu- 
larly valuable in facilitating the analy- 
sis of hundreds of crop contents. 


Verne E. Davison . 
Soil Conservation Service. 
Spartanburg, South C 
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RANGE, POPULATION, AND GAME STATUS OF 
THE WESTERN WHITE-WINGED 
DOVE IN ARIZONA 


Johnson A. Neff 


In 1937 provisions of the Migratory 
Bird Treaty Act were extended through 
ratification of a treaty with Mexico, 
bringing within the sphere of Federal 
regulation for the first time some 90 
species of southerly range. One of these 
was the white-winged dove of the south- 
west; two races are recognized by tax- 
onomists, the eastern form, Melopelia 
asiatica asiatica, ranging from the lower 
Rio Grande Valley southward into 
Mexico and into the West Indies, the 
western form, Melopelia asiatica mearn- 
si, inhabiting the desert area of south- 
western New Mexico, southern Ari- 
zona, and southeastern California 
southward into Mexico and Lower Cali- 
fornia (A.O.U. Check-List, 1931). 

The study here reported upon was 
undertaken to assemble information on 
the white-winged dove that would pro- 
vide a satisfactory basis for the prepa- 
ration of federal regulations as to close 
and open seasons on this important 
game species. In Arizona, according to 
State Game Warden W. H. Sawtelle, 
the sale of licenses for the hunting of 
white-wings constitutes one of the lead- 
ing sources of revenue for the depart- 
ment. 

Authors who have contributed to in- 
formation on the western white-wing, 
include: Bendire (1892), Swarth (1915, 
1920), Grinnell (1914), Bailey (1928), 
Dawson (1923), and Wetmore (1919, 
1920). Bent (1932) summarized their 
findings with his customary accuracy. 
Wetmore reported most of the available 


details as to the life history of the 
bird. 

To supplement previous observations 
the Bureau of Biological Survey de- 
tailed the writer to field study in Ari- 
zona. In 1938 work extended from June 
22 to August 10, and in 1939 three sep- 
arate trips were made, covering the pe- 
riods, May 14-18, June 4—14, and July 
9-August 15. In addition, every effort 
was made to gather records from all 
qualified observers. This is the first of 
two progress reports; the second will 
describe nesting and miscellaneous be- 
havior. 

In 1938 observations covered an ir- 
regular area of approximately 70-mile 
radius from Phoenix, ranging outward 
to Gila Bend, Casa Grande, Florence, 
the Superstition Mountains, and north- 
ward to Wickenburg; one trip was made 
also to the Yuma district. The work 
centered upon studies of nesting, incu- 
bation, and development of the nest- 
lings, and a total of 24 days was spent 
in the nesting thickets. 

In 1939 the birds were sparsely scat- 
tered due to unfavorable conditions so 
nesting studies were minimized. During 
the 54 days spent in Arizona some 8,000 
miles of automobile travel carried the 
writer over much of the range of the 
species, touching such outlying points 
as Nogales, Douglas, Willcox, Safford, 
Yuma, and Ehrenburg. Major atten- 
tion was directed toward range, popula- 
tion, migration, and the effects of hunt- 
ing. 
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WEATHER DURING THE 
Stupy PERIop 


The winter season of 1937-38 was 
said to have been exceedingly dry and 
early in the summer of 1938 a few of the 
desert tanks and waterholes were dry. 
It was the consensus among laymen in 
the Phoenix area that the spring season 
of 1938 was delayed between three and 
four weeks, compared to normal, and 
the entire summer period was said to be 
somewhat cooler than usual. The sum- 
mer rains of 1938 apparently began at 
about the usual time but were few and 
local. The winter of 1938-39 was even 
drier than that of the preceding year 
and in the early spring of 1939 a great 
many of the desert sources of water 
were desiccated. 

The summer rains of 1939 began 
about July 15 in extreme southeastern 
Arizona and gradually extended north- 
ward until by August 1 moderate to 
heavy rains had fallen in all of Arizona 
east of and including the San Pedro 
River drainage. Severe local storms oc- 
curred here and there in central and 
western Arizona during August, and be- 
tween September 1 and 15, general 
heavy storms had covered most of the 
desert. The Phoenix office of the U. S. 
Weather Bureau has provided the fol- 
lowing comparative figures for rainfall 
of the past three seasons: 1937, 5.37 
inches; 1938, 4.74 inches; 1939 (to and 
including November 20), 8.73 inches. 


Foop Hasits oF THE WHITE-WING 


The fruits of the giant cactus (Car- 
negiea gigantea) appear to be the most 
highly favored food, and are eaten 
throughout their ripening period. Fruit 
of the wild jujubes (Condalia lycioides 


and C. spathulata) also are taken greed. 
ily. An occasional bird had eaten a nut. 
let of the jajoba (Szmmondsia califor. 
nica), and birds collected near Salome 
were well-filled with seeds of catclay 
(Acacia greggit). 

Flower parts of the ocotillo (Fou. 
quieria splendens) are reported as taken 
in season, as are also seeds of a false. 
mesquite, probably Calliandra. In the 
vicinity of Nogales, favored foods are 
said to be the seeds of chicalote (Arge. 
mone platyceras) and croton (Croton 
californicus). Fruits of hackberry (Cél- 
tis) also are reported to be taken freely, 
A Soil Conservation Service employe at 
Safford noted the birds feeding upon 
seeds of pomegranate near Pima. 

Oats, wheat, and barley are gleaned 
from stubble fields. The birds were ob- 
served perched upon heads of milo 
maize, feeding upon the kernels, and re- 
ports indicate occasional severe losses 
to this crop. Cantaloupe seeds obtained 
from decaying fruits are a favored food 
in the melon-growing valleys. Much 
feeding is done about thresher bases, 
straw and hay stacks, and feed lots 
where waste grain and a miscellany of 
smaller seeds can be found. Frequently 
birds were flushed from patches of wild 
sunflowers along roadsides and in the 
river bottoms where with little doubt 
the shattered seeds were the attraction. 


RANGE 


Swarth (1915) said of the western 
white-wing in Arizona: “Its range i 
the state seems to be restricted to the 
valleys of the lower Colorado and Gila 
rivers and the tributaries of the latter 
(San Pedro, Santa Cruz, Salt, and 
Verde rivers) in which it ranges up 10 
about 4,000 feet. Extends at least as far 
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north as Needles... and Fort Whip- 
ple. Seen in small numbers at Tucson 
throughout the winter.” Thus the range 
within Arizona is comparatively small. 

On the basis of all available records 
an effort has been made to define the 
northern limit of the bird’s range. 
Northernmost records that undoubt- 
edly will be added to as the work pro- 
gresses, are listed below. Observers 
whose names are followed by an as- 
terisk are all active deputy game ward- 


ens: 


Needles (Swarth). 

Fort Whipple (Swarth). 

Camp Verde (Gorsuch, USFS; Klaus*). 

Montezuma National Monument (Law- 
horn, USBS). 

Stoneman Lake (Neill*). 

Enroute Payson to Pine (Neill*). 

Payson (Haught, USBS). 

Roosevelt Lake (Klaus*). 

Globe (Neill*). 

Upper Tonto Creek (Nichols*). 

San Carlos Lake (Connolly*). 

Ash Creek (Connolly*). 

Enroute Clifton to Duncan (Connolly*). 


These records raise the limit of eleva- 
tion as stated by Swarth. Ed Haught of 
the U. S. Biological Survey reported 
that a white-wing built a nest and suc- 
cessfully reared its brood in an oak tree 
at his home in Payson in May and June 
1939, the elevation being 6,400 feet. 
Deputy state wardens in southern Ari- 
zona report small numbers of white- 
wings spending the entire summer and 
apparently nesting successfully at ele- 
vations up to 6,000 feet; locations near 
Nogales, and in the Huachuca and 
Chiricahua Mountains are specified, 
and similar reports have been received 
for other desert mountain ranges. 

However, the river bottom jungles 
are undoubtedly the centers of popula- 


tion and next in order of use is the open 
desert. It would appear that minor 
groups of the doves frequenting high 
oak canyons have been somewhat over- 
looked. Further accumulation of rec- 
ords may make possible a more definite 
statement of the range of these inter- 
esting birds. 


SpriInG ARRIVAL 


Gilman (1911) gave the date of ar- 
rival of the white-winged dove at Saca- 
ton as April 20; Swarth (1920) found 
an incubating female on her nest on 
April 13 near Tucson; Dawson (1923) 
reported the birds arriving in Imperial 
Valley in late April; and Wetmore 
stated that they came to the Arlington 
district between April 20 and May 1, 
1919. 

Carlos Stannard, Phoenix rancher 
and bird bander has supplied the writer 
with a list of “first”? dates for a number 
of years: 1924, March 23; 1927, April 
22; 1928, April 27; 1929, May 3; 1930, 
April 30; 1931, May 3; 1932, April 30; 
1933, May 1; 1934, April 23; 1936, April 
27; 1937, April 28; and 1938, May 8. U. 
S. Game Management Agent Lawhorn 
saw the first 1939 white-wing near 
Stewart Mountain Dam on April 30, 
and Chas. P. Beach, chairman of the 
Arizona Game and Fish Commission, 
noted the bird on April 17 at his home 
near Vail, Pima County. 

The following spring records have 
been selected from the daily game re- 
ports of Arizona deputy game wardens 
and are the earliest for the seasons and 
localities named. 1936: Chandler, May 
1; Canyon Lake, April 25; Fort Bowie, 
May 2; Gila Dam, May 5. 1937: En- 
route from Payson to Pine, May 7; 
Mammoth, April 11; Pima, April 22; 
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Fort Bowie, April 19; Castle Dome, 
May 16. 1938: Phoenix, May 1; Lake 
Carl Pleasant, May 1; Ray, May 1; 
Fort Bowie, May 2; Sunnyside, April 
27; Tucson, April 22; Castle Dome, 
May 25. 1939: Stoneman Lake, May 1; 
Mammoth, April 20; Klondyke, April 
21; Safford, May 7; Nogales, March 
18, and Yuma Valley, May 7. 


SUMMER POPULATION 


Swarth (1920) described the occur- 
rence of the bird as follows: ‘‘Through- 
out the valleys of southern Arizona the 
white-winged dove is an abundant sum- 
mer visitant. Mesquite-grown bottom 
lands form the favorite breeding resort, 
and it is there or in cultivated fields 
that the white-wings are to be found in 
numbers. Anywhere on the desert, how- 
ever, one is apt to see them, passing 
overhead, feeding, or resting on the 
giant cactus or in the shade of the 
thicker bushes. They also invade the 
towns to some extent... .” 

In the Phoenix area, observers spoke 
of 1937 as a season of unusual abun- 
dance and of the doves’ nesting in fruit 
and shade trees on ranches, along coun- 
ty roads and highways, and even on 
urban properties. Late in the season the 
population was described as phenome- 
nal, flocks of great size feeding in fields 
near the city. 

Local observers, however, agreed 
that in 1938 the population was not 
more than 5% of that of 1937. Days of 
search resulted in the finding of but 
two nesting colonies, and only occa- 
sional pairs were seen in roadside shade 
trees and fruit groves. In the desert, 
flocks of varying size were noted from 
time to time in several locations; fre- 


quently these seemed to have been at. 
tracted by food or water for they would 
suddenly disappear not to be seep 
again. 

About July 20, 1938, evidence of 
flocking was noted, the population at 
desert waterholes or canals and about 
scattered grain fields beginning to jp. 
crease. By the last week of July, fairly 
large concentrations were to be found 
at several points though according to 
local observers in no instance were the 
birds as numerous as in 1937. 

At the end of July, 1938, several feed- 
ing concentrations of 200 or more birds 
were under observation, of which those 
described may be considered as typical. 
Small feeding bands were active near 
the Lake Carl Pleasant canal and about 
stubble fields in the Agua Fria valley, 
One reported near Cashion, south of 
Phoenix, was said to be moving south- 
westerly down the Gila River at the 
rate of approximately a mile a day dur- 
ing the last few days of July, prior to 
the beginning of shooting. 

A concentration near Florence was 
estimated to contain from 5,000 to 10, 
000 birds. In the Gila River bottoms 
between the Gillespie Dam near Arling- 
ton and Yuma there were several flocks 
estimated as totalling up to 20,000 
birds; the largest of these were two near 
Gila Bend, and Mohawk, respectively. 
Other feeding bands were in farming 
sections along the San Pedro River be- 
tween Mammoth and Winkelman. 

In 1939 it appeared that the north- 
ward migration had been normal as 
to date, and that the early spring 
population was at least near average. 
Some observers reported unusual scar- 
city even in mid-May, while a few 
deputy game wardens observed unusu- 
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ally heavy populations during late May 
and early June. 

Food and water conditions grew rap- 
idly worse after mid-May. Many desert 
waterholes and tanks were dry by June 
1 and others were rapidly drying up. 
Numerous wild foods were in very poor 
condition. Giant cactus blossomed nor- 
mally but over much of its range the 
fruit soon ceased to develop and fell 
long before it was ripe; fruiting was 
normal in only scattered favorable lo- 
cations. In mid-July many of the oaks 
on the sides of the mountain canyons 
were completely defoliated; desert iron- 
woods dropped their leaves; and even 
the mesquites were so unfavorably af- 
fected that they seeded only sparsely. 
Simmondsia californica and Condalia 
lycioides fruited sparingly except in 
places where underground water was 
available. In the south and southeast, 
Argemone platyceras and Croton cali- 
fornicus grew but poorly in much of 
their range, and in some areas failed to 
grow at all; they were abundant only in 
restricted spots. 

By mid-June when the summer 
population of white-winged doves was 
distributed to the normal nesting 
grounds, it was difficult to find more 
than a few birds each day. Field work 
was unsatisfactory; day after day was 
spent in excellent white-wing country 
without seeing more than from twenty 
to forty birds. 

Toward the last of July conditions 
remained abnormal; the feeding flocks 
began to gather at about the same time 
as in 1938, but were much smaller. 
There was no feeding flight in many 
locations where in 1938 there had been 
many birds; that at Florence was less 
than 5% of the number present in 1938; 


flocks along the San Pedro River were 
both fewer and smaller. In the Gila 
River district between Mohawk and 
Yuma the total white-wing population 
in 1939 was about 10% of that noted 
in 1938, and that of the Gila Bend- 
Gillespie Dam district had decreased to 
about the same percentage. 

Moderate concentrations occurred 
about most of the desert tanks and 
waterholes that still contained water, 
and small to moderate flocks assembled 
in some areas where there had been 
none in 1938. About 2,000 birds fed on 
Santa Cruz River bottom farms near 
Tumacacori National Monument, and 
some small bands near Patagonia and 
Sonoita. 

Observations during the period end- 
ing July 31, 1939 led to the following 
tentative conclusions. It appeared that 
the white-wings arrived to nest in ap- 
proximately normal numbers, and at 
about their usual time. The early season 
nesting period was, apparently, fairly 
normal, though success of early season 
nestings was not verified except in 
isolated instances. By the end of the 
first nesting period, June 20 to July 1, 
food and water conditions had become 
so unfavorable that the birds scattered 
widely seeking favorable habitat. From 
that date on until the end of their stay 
in Arizona they seemed to move about 
continually in response to successions 
of favored foods. Only in a few loca- 
tions was there more than casual second 
nesting. 


SHOOTING SEASON OBSERVATIONS 


Gilman wrote (1911): “Along in 
August the big flocks begin to grow 
less. .. . Toward the first of September 
they begin to thin out in earnest and by 
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the 15th of the month few are seen.” 
Due to this habit, early shooting 
seasons have long been the rule. Ac- 
cording to Wetmore (1919), alleged 
damage to agricultural crops in the 
Phoenix district was the excuse for an 
open season after June 1 in 1918 and 
1919, when State Game Warden Pro- 
chaska gave permission for the killing 
of the birds on cultivated lands. 

For some years prior to 1937 the 
Arizona open season was July 15 to 
August 31. In 1937, the first year of 
Federal regulation, the season was de- 
layed, running from August 5 to Sep- 
tember 3; in 1938 and 1939 the open 
season extended from August 1 to 
September 15, the last three weeks, 
however, meaning little as there were 
few white-wings remaining in Arizona. 

When the 1937 shooting season 
opened on August 5, a phenomenal con- 
centration of birds fed in cultivated 
fields along the Salt River between 
Phoenix and Laveen; all observers 
agreed as to the exceptionally large 
number of the birds. Hunters congre- 
gated in this area until, as certain ob- 
servers remarked, “it sounded like the 
battle of the Marne.” In 1938 and 1939 
very few birds appeared in this area. 

In 1938 intensive hunting quickly 
decimated the feeding and watering 
bands under observation; smaller flocks 
were totally dissipated by from one to 
three days of shooting. The large con- 
centration near Florence was also con. - 
pletely dispersed at the end of seven 
days, and the great assemblages along 
the Gila River between Gillespie Dam 
and Yuma were reduced to a small pro- 
portion of their original size. In the 
latter district Federal game agents esti- 
mated that fully 20,000 birds had been 


feeding on July 31 and during the firgt 
15 days of shooting the same men p. 
ported that a thousand hunters were 
afield. If each hunter bagged only ong 
limit of 15 birds the band would haye 
been reduced to 25% of its original 
size by shooting alone. 

In 1939 a very different situation pre. 
vailed; feeding concentrations on July 
31 were fewer in number and reduced 
in size. Those under observation were 
quickly decimated just as in 1938. Due, 
however, to the fact that the birds 
were dispersed widely over their range 
by unfavorable conditions, there was g 
long-continued drift into the valleys 
and agricultural lands, resulting in 
hunters having a considerable period of 
from poor to moderately good shooting. 
There were relatively few white-wings 
within 70 miles of Phoenix on August 1. 

A feeding flight near Mohawk was 
estimated at 2,500 birds the day before 
the 1939 season opened, less than one- 
third of the number present there in 
1938. In the first five days of the 1939 
open season, deputy game wardens ac- 
tually checked out about 500 birds 
killed from this band and an estimated 
500 birds remained at the feeding 
ground. Near Salome a flock of about 
1,000 birds had fed on July 31; on 
August 9 not over 200 birds were seen; 
in man-days, probably 30 shooters had 
visited the feeding grounds of this band 
and with the 1939 state limit of 12 
birds may have killed anywhere from 
200 to 360 birds. 

In the Nogales district the feeding 
concentrations present at the opening 
of the season were soon dispersed, but 
groups up to about 500 birds drifted 
about in the valleys and canyons and 
furnished some hunting throughout 
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August. A band estimated by sportsmen 
at 1,000 birds was heavily shot near 
Coolidge during the first few days of the 
season. Just West of Maricopa a feeding 
flight developed from the nesting 
thicket on the Gila River Indian Reser- 
vation to grain stubble fields; this 
flight afforded a small amount of shoot- 
ing each day until at least August 19, 
and on that date was said to be fully as 
large as at first. Both this and the 
Coolidge flight may well have been 
maintained by arrivals from the several 
known nesting areas on the nearby 
Gila River Indian Reservation. 

Long before the opening day the 
hunters have searched out the feeding 
bands of birds within a reasonable dis- 
tance, and, in general, after shooting 
begins the flocks are either quickly 
decimated or are driven into the desert 
or into Mexico. Most destructive is the 
common practise of shooting the birds 
about desert watering places. In some 
areas the band gathered about a water- 
ing place may include the total popula- 
tion from several hundred square miles 
of desert, and it may be totally de- 
stroyed in one day of shooting. 

Due apparently to advance reports 
of the scarcity of birds, the number of 
hunters afield during the 1939 season 
was somewhat under that of previous 
years; again, the necessity of under- 
taking long and difficult travel to the 
widely scattered concentration points 
acted quickly to reduce the number of 
shooters. Many reports received from 
hunters during the 1939 season were 
distinctly pessimistic. The outstanding 
conclusion based on observations upon 
two seasons of shooting is the extreme 
vulnerability of white-winged doves. 
The habit of adults and young, as soon 


as the latter can fly, gathering in flocks 
often of large size, and concentrating 
about water or food supplies, makes 
them an easy target for hunters who 
concentrate upon the known “good” 
flights and may speedily slaughter a 
major part of the entire population 
produced in a large area. 


ADULT-JUVENILE RATIO IN 
THE KILL 


Wardens and sportsmen have stated 
that during earlier years the kill for the 
first three or four days of the open 
season consisted for the most part of 
adult birds; but that almost overnight 
the ratio changed and the take was 
chiefly juvenile birds. The local ex- 
planation is an alleged sudden influx 
of young birds due to migration north- 
ward from Mexico. 

Evidence gathered during the two 
seasons of the present study does not 
substantiate either of these representa- 
tions. During the first two or three days 
of shooting the bag in certain areas 
may be of adults; after the first two or 
three days of shooting, however, the 
adults with young able to fly leave their 
nesting or feeding grounds and join 
feeding bands in the agricultural lands. 

For example, the behavior of the 
birds in the nesting colony under ob- 
servation near Phoenix on the Gila 
River Indian Reservation may be cited. 
On July 31, 1938, the mesquite bottom 
here teemed with adult and young 
white-wings. On August 1 a group of 
nine shooters trespassed on the reserva- 
tion and shot at the feeding flight of the 
birds close to the nesting thicket; when 
stopped by Federal game agents at 
10:00 a.m. they had killed nearly 100 
birds. At dawn of August 2, less than 
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24 hours later, there was a marked 
diminution of activity in the nesting 
thicket, and the day’s observations 
conclusively indicated that every adult 
and juvenile able to fly had departed. 
Each succeeding day produced further 
evidence of departure from the nesting 
thicket as soon as other broods reached 
flying age. The writer examined 30 of 
the 100 birds shot by these hunters on 
August 1, and found all of them to be 
adults. 

In 1939 there was apparently no 
trespass near the nesting colony; the 
Maricopa open-land shooting location 
was several miles away, though the 
flight there came partially from the 
Reservation colony. Between August 1 
and August 11, there was no apparent 
diminution in population or activity 
within the nesting thicket or in the 
giant cactus feeding grounds adjacent. 
By August 20 most of the young had 
apparently reached flying age, joined 
the feeding flight, and deserted the 
nesting area. 

Age of birds in hunters’ bags was 
noted at every opportunity. On August 
1, 1938 along a desert canal north of 
Phoenix, a Federal game agent reported 
the kill as 75% juvenile, and on 
August 5 a party of sportsmen shooting 
near Cashion reported 85% juvenile 
birds. Another Federal game agent who 
classed 1,084 white-wings killed during 
the first 13 days of August, 1938, at 
Yuma, Wellton, Mohawk, in Roll Val- 
ley, and near Gila Bend, recorded 698 
juvenile to 286 adult doves (6:4). Near 
Gila Bend on August 9, 10 and 13, 
1938, his counts showed that 69% were 
juvenile. 

Results in 1939 were more erratic as 
regards day-to-day counts although the 


average for the entire season was very 
similar to that for 1938. It is believed 
that the already described widespread 
diffusion of the white-wings and their 
drifting about slowly and in small 
groups, caused the difference in the 
1939 records as to age distribution. 
Near Yuma and Mohawk 384 birds 
were examined between August 1 and 
3, 1939; 247 were juvenile and 137 
adult. On August 2 near Gila Bend 
only three out of 16 birds were adult. 
At Salome on August 9 and 10 out of 
48 doves 30 were juvenile; and in Den- 
dora Valley on August 22 and 23, war- 
dens inspected 120 birds, finding 50 
adults to 70 young. Of the total of 700 
birds examined, 464 (663%) were 


‘ juvenile and 236 (333%) were adult. 


StrorMS vs. SHOOTING AS THE 
STIMULUS TO MIGRATION 


Sportsmen rather consistently report 
that storms cause the white-winged 
doves to move to Mexico, and gener- 
ally ascribe poor late-season shooting 
to that cause. True, storms undoubt- 
edly play a part, and the more severe 
they are the greater their influence 
upon migration, yet it appears that 
sportsmen fail to give proper considera- 
tion to the decimating and dispersing 
effects of heavy shooting. With hunting 
actively continuing against almost 
every band of the birds, it is difficult to 
obtain definite evidence as to the rela- 
tive effects of the two factors, yet the 
matter is of one great interest. 

In 1938 some of the flocks under ob- 
servation were moving slowly south- 
ward in search of food before any 
storms occurred and before any shoot- 
ing began; one such feeding concentra- 
tion, upon reaching an area where food 
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was plentiful, ceased to move down 
river and remained in the same area 
through several storms and during two 
weeks of heavy shooting. In other areas 
bands of white-wings were known to 
have continued normal activity be- 
tween August 4 and 7 when severe wind 
and rainstorms occurred. 

In 1939 storms were late in coming to 
most of Arizona, but were quite se- 
vere. In some areas flood conditions 
prevailed, and, it is likely, caused the 
birds to leave early. Even so some 
white-wings remained in certain of 
these areas until after September 1. 

In 1938 severe storms affected the 
nesting thicket on the Gila River 
Indian Reservation; in 1939 storms pre- 
vailed and the entire thicket was 
flooded about August 6; yet, as previ- 
ously stated, far more white-wings 
stayed in the thicket up to August 11 
than had remained there after the 
illegal shooting of August 1, 1938. 

In isolated Dendora Valley, 25 miles 
northwest of Gila Bend, about 300 
white-wings were seen on July 30, 1939. 
On August 2, it appeared from signs, 
that only one shooter had operated 
here, and the band of birds was undis- 
turbed. The next visit to the area was 
on August 13; there was no indication 
of hunting during the interval, but one 
limit of 12 birds was killed on the 13th; 
about 300 white-wings were again 
noted. The next shooters known to 
have visited this area were five who 
hunted on August 22 and 23, by which 
time the population had increased to an 
estimated 5,000 birds. During the pe- 
riod intervening between the first and 
last visits to this valley several severe 
storms had crossed the area, washing 
out roads and piling up sand drifts; yet 


the quiet and freedom from hunters 
apparently far overbalanced the effects 
of the storms. 

Reference has been made to the esti- 
mated 20,000 birds feeding between 
Arlington and Yuma in 1938, and to a 
probable kill of 75% as estimated by 
a Federal game agent; a second warden 
who patrolled the same area calculated 
that fully 85% of the total population 
was killed. In other areas, deputy state 
wardens estimated that 30%, 50%, and 
65% of the feeding birds were killed. 
It is apparent that the average sports- 
man fails to comprehend the effects of 
shooting; the birds become scarce and 
his first thought is that they have mi- 
grated. The evidence at hand, however, 
indicates a greater effect from shooting 
rather than storms, but with continued 
shooting almost everywhere each year, 
it is difficult to get unequivocal evi- 
dence on this much-debated question. 


AUTUMN AND WINTER OCCURRENCE 


Bendire (1892) found the white- 
winged dove partially resident at 
Tucson. Gilman (1911) stated that 
most of the birds were gone by Septem- 
ber 15, but that on September 25, 1910, 
he saw one bird. With the increased 
shooting prevailing during recent years, 
autumn and winter records are for the 
most part of birds that have remained 
far out in the desert until the shooting 
is over, or have strayed northward 
from Mexico. 

In 1936, deputy warden Smith of 
Yuma observed several hundred birds 
in the Gila River bottoms as late as 
September 16. In 1937, warden Peter- 
son of Nogales found white-wings in 
Potrero Canyon on October 2, warden 
Connolly saw several between Duncan 
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and Mount Graham on September 5, 
and warden Nichols saw a few near 
Florence on September 9. 

In 1938 Federal Game Agent Law- 
horn noted the latest bird near Florence 
on September 8 and deputy state war- 
den Neill saw scattered birds between 
Phoenix and Wickenburg until Septem- 
ber 6; warden Peterson found them 
well-scattered through the canyons 
near Nogales until September 18. In 
1939 Lawhorn observed four birds west 
of Glendale on September 10; and 
Chairman Beach of the Arizona Game 
and Fish Commission saw the last 
birds at his home near Vail on Septem- 
ber 17. One true winter record is avail- 
able in warden Peterson’s report of a 
single white-wing near Nogales on 
January 19, 1939. 


SUMMARY 


On the basis of two seasons’ observa- 
tion of the white-winged dove through- 
out its range in Arizona, the writer 
believes that shooting seasons in June 
and July are definitely inadvisable as 
mortality in orphaned nestlings must 
be considerable. 

The general trend in the dove popu- 
lation has been downward; deputy 
state game wardens were requested to 
estimate the decrease in their districts; 
one estimated a 70% decrease in the 
last 10 years, another 50% in ten years, 
and a third 80% in the last five years. 

The bird’s habit of gathering in 
flocks of large size in late July and 
August makes it extremely vulnerable 
to decimation by intensive shooting of 
numbers of hunters upon a single feed- 
ing band, and at times these flocks are 
almost wiped out within a few days. 

A drought has prevailed throughout 


most of Arizona during the last thre 
years and food and water conditions 
in much of the white-wing’s deser 
range have become progressively worse. 
During 1939 it appeared that the ma. 
jority of the birds were drifting ain. 
lessly about the desert searching for and 
following successions of their wild 
foods. The heavy rains of early Septem. 
ber, 1939, may have ended the cyele of 
drought. 

According to observations in 1939, it 
appeared that the white-winged dove 
in Arizona was in very serious cond- 
tion, and that vigorous protective 
measures should be adopted to permit 
it to regain its one-time numbers, 


CooPERATION 


All of the staff of the Arizona De- 
partment of Game and Fish have 
cooperated whole-heartedly in this in- 
vestigation, as have also Arizona 
sportsmen; there has been apparent a 
high degree of interest in ascertaining 
facts as to the status of the white-wing. 
The Biological Survey personnel in the 
Region and in Arizona has assisted to 
the fullest extent; especially valuable 
aid was rendered by U. S. Game 
Management Agent Thos. R. Lawhorn 
of Phoenix who has acted as guide and 
joint observer throughout most of the 
field work. Certain local representa- 
tives of the Soil Conservation Service 
and of the Office of Indian Affairs also 
have rendered valuable assistance in 
their respective districts. 
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STUDIES ON THE FOOD OF THE CALIFORNIA 
QUAIL IN 1937 


Ben Glading, Harold H. Biswell, and Clarence F. Smith 


Studies on the food habits of the 
California or “valley” quail (Lophortyx 
californica) are in progress at the San 
Joaquin Experimental Range! in Ma- 
dera County, Calif., as part of a general 
investigation on various phases of 
quail biology and management (Glad- 
ing, 1938). The present paper is a bio- 
ecological study of the food habits of 
the quail in relation to food materials 
available to them in the calendar year 
1937. Since wide variations in plant 
cover occur from year to year (Talbot 
et. al., 1939) it is expected that con- 
tinued study may alter some of the 
findings, and it is therefore hoped to 
continue the study over a period of 5 
years. 

Many studies on the food habits of 
various American species of quail have 
already been published (Grinnell, Bry- 
ant, and Storer, 1918; Gorsuch, 1934; 
Handley, 1931; Kelso, 1937; Judd, 
1905; Beal, 1910; McLean, 1930; Sum- 
ner, 1935; etc.), but in general these 
have lacked quantitative information 
as to the amounts of the different plant 
species present locally. 

In the present study there has been 
available a quantitative inventory of 
the plant cover of the region to compare 
with the results of analysis of materials 
in quail stomachs and with observa- 


1 The San Joaquin Experimental Range, 
a branch of the California Forest and Range 
Experiment Station, is operated by the U. S. 
Forest Service in cooperation with the Uni- 
versity of California, U. 8. Biological Survey, 
and other local and Federal agencies. 


tions on the feeding habits of the 
birds. 
Division OF LABOR AND 
ACKNOWLEDGMENTS 


Collecting of the quail from which 
stomachs were taken, tabulating the 
results of stomach examinations, ana- 
lyzing the seed supply on the ground, 
studying feeding habits, and taking 
weights, and other details regarding 
live birds were done by Glading. Bis- 
well, assisted by other members of the 
Experiment Station, made the forage 
inventory and prepared the ecologic 
data on plants. Smith, of the Biological 
Survey staff, did the stomach analyses; 
in the identification of difficult food 
items the assistance of several members 
of the Food Habits Research staf, 
particularly A. C. Martin, was indis- 
pensable. 

The general program of quail study 
at the San Joaquin Experimental 
Range is being conducted by the Co- 
operative Quail Management Commit- 
tee, composed of T. I. Storer, chairman, 
and J. T. Emlen, Jr., of the University 
of California College of Agriculture; 
E. E. Horn and H. S. Fitch, of the 
U. S. Bureau of Biological Survey; 
E. I. Kotok, M. W. Talbot, H. 
Biswell and J. W. Nelson, of the Cali- 
fornia Forest and Range Experiment 
Station, U. S. Forest Service; and F. P. 
Cronemiller, F. W. Johnson, and B. 
Glading, of Region 5, U. S. Forest 
Service. Messrs. Storer and Horn form 
a special technical advisory committee. 
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Fig. 1. Leaf, seed, and animal materials in the food of Valley Quail on the San Joaquin 
Experimental Range during 1937 in relation to wet and dry seasons. (Food is represented as 
percentage by bulk; animal food was taken chiefly by females at laying time; rainfall is in 


inches per month.) 


Miscellaneous help in field work was 
rendered by U. S. Forest Service Tech- 
nical Assistants and Civilian Conserva- 
tion Corps enrollees. 

Members of the Quail Committee 
and of the Biological Survey read and 
criticized the manuscript. 


DESCRIPTION OF Stupy AREA 


The San Joaquin Experimental 


Range is located 25 miles east of 
Madera, Calif., and comprises 4,700 
acres of grazing land chosen by the 
Forest Service as fairly representative 
of the foothill belt of the western slope 
of the Sierra Nevada. 

The climate is characterized by a 
long dry summer and a rainy winter 
(Fig. 1). Practically all the rain falls 
from October to April (80 per cent 
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December to March), with only traces 
during the remaining months. The 
seasonal average is about 17 inches, but 
precipitation during the last four 
seasons, 1934-38, averaged about 55 
per cent above normal. Foggy weather 
is frequent during the winter. Minimum 
temperatures are slightly below freez- 
ing; a small amount of snow falls during 
some winters but remains only a few 
hours. During the summer, daily maxi- 
mum temperatures are commonly above 
100°F. but rarely above 114°F. The 
dry period is devoid of fog and the rela- 
tive humidity then often falls below 15 
per cent. 

The altitude of the Range is from 700 
to 1,600 feet. Rolling hills with inter- 
vening swales and small canyons char- 
acterize the topography. Granitic out- 
crops form a prominent feature of the 
landscape. The soil is shallow and sandy 
and mostly of granitic origin, with 
adobe in some of the swales. 

Trees and shrubs are scattered over 
the area (Plate 3-A) and afford good 
roosting and escape cover for quail. 
The most common trees are blue oak 
(Quercus douglasii), interior live oak 
(Q. wislizenii), Digger pine (Pinus 
sabiniana), and California buckeye 
(Aesculus californica). Common shrubs 
are Ceanothus cuneatus, C. divaricatus, 
Arctostaphylos mariposa, Rhamnus cali- 
fornica, R. crocea, and Lupinus albi- 
frons. 

The herbaceous vegetation is com- 
posed almost entirely of annuals, and 
includes many aliens introduced from 
the Mediterranean region (Table 1). 
Wide fluctuations in composition and 
yield of the annual plant cover from 
year to year are characteristic (Talbot, 
Biswell, and Hormay, 1939). Seeds of 
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the annuals germinate soon after the 
first considerable rains in the autumn 
and during the winter the ground is 
normally covered with a heavy mat of 
young succulent vegetation. In March 
and April most of these plants grow 
rapidly, produce seed, and by early 
May are dry, usually yielding a heavy 
seed crop. A few late-growing species 
remain green during most of the sum. 
mer, chiefly Hemizonia virgata, Eremo- 
carpus setigerus, Lotus americanus, and 
Euphorbia ocellata, yet the landscape 
appears brown and parched during 
that season. 


FrEEpDING Hasits or Quain 


Valley quail have two main feeding 
periods, one beginning shortly before 
sunrise and continuing for nearly two 
hours, and the other from about two 
hours before sunset until roosting time. 
Feeding during the afternoon period is 
usually more intense than during the 
morning. On clear days the birds feed 
more or less irregularly during the inter- 
vening time. On rainy or foggy days 
during the winter, feeding may go on 
slowly throughout the day. 

The average volume of food (gmt 
included) found in the 114 quail stom- 
achs amounted to 4.3 cc, the maximum 
being 17.6 cc. Stomachs of birds taken 
during the morning feeding period had 
an average content of 3.9 cc, those 
taken from two to four hours after sun- 
rise 3.8 cc, those from four hours after 
sunrise until four hours before sunset 
3.3 cc, those from two to four hours 
before sunset 4.9 cc, and those taken 
from two hours before sunset until 
roosting time 8.2 cc. Food consumed 
after the main feeding period of the 
morning was about equal to that lost 











cles 


2M 
and 
ape 
ring 


ling 
fore 
two 
two 
ime, 
d is 
the 
feed 
ter- 
lays 
) on 


grit 
om- 
um 
ken 
had 
108e 
un- 
{ter 
nset 
urs 
ken 
ntil 
ned 
the 
lost 





ping oe of materials from sample plots. 
—_——_———= 
Percentage 
Species composition 
1. Erodium botrys' 33.51 
2. Bromus mollis! 31.74 
3. Festuca megalura 9.31 
4, Avena barbata' 4.04 
5. Bromus rigidus! 3.49 
§. Bromus rubens! 2.96 
7, Plagiobothrys nothofulvus 2.37 
8, Centaurea melitensis! 72 
9, Lotus americanus 49 
10. Trifolium tridentatum .49 
11. Juncus bufonius -47 
12. Bromus arenarius! .45 
13. Trifolium microcephalum -35 
14. Phacelia spp. .3l 
15. Juncus oxymeris? .25 
16. Amsinckia douglasiana .23 
17. Lupinus bicolor .22 
18. Hemizonia virgata Ri | 
19. Lupinus benthami 21 
20. Hordeum murinum! .20 
21. Trifolium ciliatum 13 
22. Gilia tricolor 13 
23. Eleocharis palustris? 12 
24. Pogogyne douglasit hs. 
25. Silene gallica! 12 
26. Lupinus formosus? Pe ie ' 
27. Godetia spp. oll 
28. Poa scabrella? .10 
29. Layia pentachaeta .10 
30. Lotus strigosus -09 
31. Erodium cicutarium} .09 
32. Mimulus guttatus .09 
33. Eryngium globosum .07 
34. Salvia columbariae .06 
35. Baeria chrysostoma -05 
36. Nemophila spp. .05 
37. Hordeum gussoneanum! -05 
38. Lotus subpinnatus .05 
39. Allocarya californica .04 
40. Senecio douglasii? .04 
41. Galium aparine' .04 
42. Chorizanthe membranacea .03 
43. Thysanocarpus curvipes .03 
44. Lithophragma affinis .03 
45. Gymnogramme triangularis? .03 
46. Navarretia viscidula .03 
47. Streptanthus coulteri .02 
48. Filago gallica’ .02 
49. Veronica peregrina -O1 
50. Asclepias mexicana .O1 
51. Oenothera dentata .O1 
52. Eremocarpus setigerus Ol 
53. Platystemon californicus .O1 
54. Festuca confusa O01 
00. Aspris caryophyllea' -O1 
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TABLE 1 


Composition of the plant cover on 1,440 acres 
of theSan Joaquin Experimental Rangetn 1937. 
ercentage for each species is based on the 


TABLE 1—Continued 


























Percentage 
Species composition 

56. Chorizanthe stellulata .O1 
57. Daucus pusillus .O1 
58. Calandrinia caulescens .O1 
59. Clarkia elegans .O1 
60. Ranunculus hebecar pus -O1 
61. Brodiaea capitata? -O1 
62. Brodiaea ixioides? .O1 
63. Eschscholtzia lobbii trace 
64. Medicago hispida! . 
65. Orthocarpus erianthus « 
66. Agoseris heterophylla _ 
67. Collinsia bicolor . 
68. Briza minor! ” 
69. Astragalus didymocarpus zs 
70. Hypochoeris glabra! . 
71. Linanthus filipes = 
72. Calycadenia mollis . 
73. Gastridium ventricosum! 7 
74. Cryptantha flaccida #6 
75. Mimulus torreyt . 

Others 5.83 

Total 100.00 

1 Alien 


2 Perennial 


by digestion, until the main afternoon 
feeding period, when the stomach con- 
tent was almost doubled. 

Daily intake of food was measured 
for valley quail by keeping captive 
birds overnight to determine loss of 
weight (Method of Taber, 1928). 

During the winter several mature 
quail were trapped and weighed and 
then left for 12 to 18 hours in a wire 
cage before being weighed again. The 
loss in weight per hour averaged 0.817 
grams, or at the rate of 19.6 grams per 
day. 


Foop or QUAIL 


Procedure.—A total of 118 quail, an 
average of about 10 each month, were 
shot for laboratory determination of 
food in the stomachs and crops during 
1937 (Table 2). Four empty stomachs 
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were disregarded and the figures pre- 
sented are based on 114 analyses. All 
were obtained on the Experimental 
Range except 13 that were taken on 
nearby lands during the open quail 
hunting season, November 15 to De- 
cember 31. Exact locations from which 
the birds were taken were not recorded 
for the first three months of the study, 
but of 82 obtained during the remainder 
of the year, 40 were from areas where 
forage sampling had been done. Those 
procured during the hunting season 
were from lands of similar vegetational 
cover. For each monthly collection, 
effort was made to select birds from 


over a sufficient area so that not more. 


than two were from any one covey 
range. 

Results of Stomach Analyses.—For 
the full year, plant food items com- 
prised 99.5 per cent of the diet; the 
remaining 0.5 per cent consisted chiefly 
of insects. Green plant material com- 
posed 27.5, and seeds 72, per cent of 
the diet; leaves made up almost all of 
the food during the months of Janu- 
ary to March, inclusive, and a consid- 
erable proportion of that consumed in 
April and May (Fig. 1). During the 
remaining months little or no greens 
were eaten. Seeds were the major food 
from April through December, and 
were the only plant materials in the 
diet during the months of June, August, 
September, and December. Animal 
items were taken in appreciable per- 
centages only during April, May, and 
November. 

Figures for food items exclude the 
grit and are according to the “‘percent- 
age by bulk” method. The average con- 
tent of grit in 80 stomachs, was 17.5 per 
cent of the total volume. 


HERBACEOUS PLANT INVENTORY 


Methods.—Plant development notes 
were taken every two weeks by the 
range management group of the Ex- 
periment Station staff during the main 
growing, flowering, and seeding period. 

A forage inventory extending over 
1,440 acres of the Range was made at 
the height of the growing season. 
Square-foot quadrats were allotted at 
the rate of one per acre. The random- 
block system of plot locations was fol- 
lowed, each pasture being divided into 
small blocks of approximately two 
acres each, and two plots assigned at 
random in each of these. This system 
assures fairly even distribution of plots 
over the sampled area and provides 
data acceptable for statistical analysis. 

All plants on each of the plots were 
clipped to within approximately } inch 
of the ground and those species making 
up 90 to 95 per cent of the total were 
carefully segregated in separate bags. 
The remaining species were placed in 
a single bag and labeled “others.” The 
material was allowed to air dry for 
three weeks previous to weighing. The 
percentage of each species by weight in 
the total composition was then com- 
puted. 

Results—The forage inventory for 
the 1,440 acres showed that 99.4 per 
cent by dry weight of the herbaceous 
vegetation was of annual plants. About 
82 per cent of this total was of intro- 
duced species. Plants sufficiently abun- 
dant on any sample plot to be separated 
are listed in Table 1, together with 
their relative abundance. 


GrounND LITTER INVENTORY 


Methods.—On_ different exposures 
that had been regularly fed over by 











134. JouRNAL OF WILDLIFE MANAGEMENT, Vout. 4, No. 2, Aprin 1940 


quail, ten samples of seeds remaining 
in the ground were taken at random, 
by scraping up all ground litter and 
soil to a depth of 4} inch over square- 
foot areas. These were collected in the 
autumn just prior to the start of new 
growth. Each sample was thoroughly 
mixed and then divided into ten equal 
parts, of which one, after separation of 
all foreign material, was analyzed as to 
kinds and quantities of seeds. 

Results—The ground litter samples 
revealed surprisingly large quantities 
of seeds remaining on the ground over 
areas where quail had habitually for- 
aged during the long summer period. 
A total volume of 39.1 ce was found 
per square foot on the ten sample 
plots; the average weight of the seeds 
was 3.5 grams—the equivalent of 3.22 
cubic yards or 334 pounds of seeds per 
acre. Of the total, Bromus mollis com- 
posed 19.1 ec, B. rubens 12.1 cc, Festuca 
megalura 3.6 cc, B. rigidus 1.4 ce, 
Hordeum murinum 1.3 cc, Erodium spp. 
1.3 cc, Lotus americanus 0.1 cc, and 
Eremocarpus setigerus 0.05 cc. Dalke 
(1935) made similar studies of ground 
litter samples during “early winter” in 
Michigan, and found only about 9.8 
pounds of seeds per acre. 


ImMpPpoRTANT Foop PLANTS 


The plant food species are here dis- 
cussed in order of their percentage vol- 
ume in the quail diet. 

Alfileria (Erodium).—Plants of this 
genus, chiefly Hrodiwm botrys, con- 
stituted the largest single food item in 
the annual diet, making up 20.4 per 
cent of the total. Erodium botrys was 
the most common species of plant on 
the area where the inventory was made, 
and composed 33.5 per cent of the plant 


cover. Erodium cicutarium and §. 
moschatum were present in small quan. 
tities and probably made up a small 
proportion of the diet, but were not 
differentiated. 

The alfilerias were introduced into 
California from the Mediterranean re. 
gion. They have become an important 
part of the annual plant cover of Calj- 
fornia and are now used extensively by 
a number of game mammals and birds 
as well as by domestic livestock. The 
seeds germinate readily after the first 
effective fall rains and the plants make 
appreciable growth before winter. Dur- 
ing 7 or 8 weeks of the winter they form 
rosettes that lie close to the ground. 
With the advent of warmer weather, 
during the last week of February or the 
first week of March, they develop a 
central stalk that soon attains an aver- 
age height of 5 to 8 inches and, in fertile 
soil, of 18 to 24 inches. Flowering and 
fruiting start soon after the inception 
of spring growth, and in 1937 fruits 
were being cast from the middle of 
March on south exposures, until the 
middle of May. A heavy seed crop is 
usually produced, and in 1937 seeds 
were shed in great abundance during 
the first half of April (Fig. 2). 

The seed (technically a fruit) of 
Erodium is spindle-shaped, one end 
being sharply pointed and the other 
bearing an elongate, persistent style 
1 to 2 inches long. Upward pointing 
hairs are present adjacent to the base of 
the style. The style is hygroscopic; 
when wet it is straight, but in drying it 
twists into a spiral. Alternate wetting 
and drying after being cast cause the 
seeds to bore into the ground as muchas 
half an inch. The hairs at the base pre- 
vent the seeds from being drawn out of 
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Fig. 2. Approximate seed-casting periods of some important food plants of valley quail 
and the percentage volume figures of those seeds in the bird’s diet during 1937. The spindles 
indicate the season of seed production and not total volume. 


the soil, and the continued opening and 
coiling of the style soon cause it to 
break from the seed. To obtain Hrodium 
seeds through the summer, the quail 
are usually obliged to scratch them out. 

Alfilerias were very important quail 
food plants locally. They were usually 


abundant and made up a large propor- 
tion of the diet. These plants can be 
relied on as both winter and summer 
food under practically all conditions of 
climate and range use. Even when sum- 
mer fires sweep over an area, the seeds 
beneath the surface of the ground are 
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not destroyed. Parts of these plants 
were taken by the quail during all 
months and were found in 91.2 per cent 
of the stomachs. Green leaves were pres- 
ent only during the months of January, 
February, and March. The December 
collection of stomachs was taken before 
the heavy rains that brought about uni- 
form germination of Erodium; other- 
wise the stomachs for this period prob- 
ably would have contained greens. For 
the full year, leaves made up 3.5 per 
cent of the total diet and were repre- 
sented in 21 per cent of the stomachs. 

Seeds of Hrodium were taken during 
every month and occurred in consider- 
able quantities in the stomachs col- 
lected from April through December 
(Table 2). They made up 16.9 per cent 
of the annual diet and were found in 
75.4 per cent of the total number of 
stomachs. The large quantity of seeds 
taken during summer and fall, when 
they have to be scratched out, indicates 
that they are much desired by the 
quail. 

Clovers (Trifolium).—Clovers were 
second in order of abundance in the 
quail diet in 1937. They occurred in 
79.8 per cent of the stomachs and made 
up 14.5 per cent of the total food, yet 
in the forage composition the clovers 
together composed only 0.97 per cent 
of the plant cover. The species most 
common on the area were Trifolium 
microcephalum, T. ciliatum, T. variega- 
tum, and T’. tridentatum. Five or six 
other species occurred but none was 
sufficiently abundant to be inventoried. 
In stomach analyses the clovers were 
treated collectively. 

The local clovers are all native an- 
nuals. The relative abundance of plants 
of this genus in the total composition 


TABLE 3 


PLANT FOOD ITEMS EACH MAKIne 
UP LESS THAN 1 PER CENT op 
THE ANNUAL DIET OF THE | 
QUAIL DURING 1937 








Species Species 





Agoseris sp. Lotus sp. a 
Aira sp. Lotus strigosus 
Amaranthus sp. Lotus subpinnatug © 
Anagallis arvensis Lupinus albifrons © 
Arctostaphylos sp. Lupinus benthami © 
Athysanus sp. Lupinus densiflorug” 
Avena fatua Lupinus sp. q 
Avena sp. Madia sp. re 
Bromus spp. Melica imperfecta ~ 
Calandrinia caulescens Microseris sp. 4 
Caucalis microcarpa Montia perfoliata ~ 
Ceanothus sp. Moss 4a 
Centaurea melitensis | Nemophila sp. 
Cerastium sp. Onagraceae 
Compositae Panicum sp. 
Cruciferae Panicum miliaceum™ 
Cuscuta sp. Phacelia spp. ie 
Daucus pusillus Phalaris sp. "4 
Deschampsia dantho- _Plantago lanceolata” 
nioides Plantago sp. (4 
Eleocharis palustris Platystemon califors™ 
Eragostris sp. nicus E 
Eriogonum sp. Polystichum sp. 
Eschscholtzia sp. Populus sp. 
Fern Ranunculaceae 
Festuca sp. Ranunculus sp. | 
Fungus Rumez sp. 
Galium sp. Sagina apetala 
Galls (chiefly oak) Scirpus sp. F 
Godetia spp. Silene gallica i 
Hordeae Sisyrinchium sp, | 
Hypochoeris glabra Stellaria media 
Isoetes sp. Thysanocarpus © 
Juncus spp. curvipes y 
Triticum aestivum © 


» 





of the flora fluctuates considerably from 
year to year, and in 1937 was compat 
tively low. Their distribution over tf 
area appears to be correlated somé 
what with moisture content of the sok 
T. microcephalum is well distributed of 
dry ridges and is the first to mature alt 
produce seed—in 1937 on April 
T. ciliatum apparently requires mom 
moisture and is found on the bordersé 
swales and creeks; its seeds matun 
and are cast a week or 10 days la 
than those of J. microcephalum. 
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A (Upper)—Typical view on San Joaquin Experimental Range. The herbaceous vegeta- 
tion is almost entirely of annual plants that furnish abundant quail food. The interior live 
oak trees (Quercus wislizenit) afford good roosting cover; fallen brush and the rock outcrops 
supply adequate escape cover. 

B (Lower)—Clover in a wet swale in April. Both the seed and leaves of this plant are pre- 
ferred foods. The percentage of clover in the plant composition varies considerably from 
year to year. The white areas in the background are Plagiobothrys nothofulvus in bloom. 
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Eremocar pus setigerus in a swale during October. This plant grows late in the season and ¥ 
may follow clover where that is grazed off early in the season. Under this condition two seed 7 
crops preferred by quail may be produced on the same area in a single season. The tall] 


herbaceous plant surrounding the Eremocar pus setigerus is Hemizonia virgata. 
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pariegatum and T. tridentatum are 
similar in habitat requirements and are 
found together mostly in wet swales; 
they ripen 3 to 4 weeks later than 7’. 
microcephalum. In years when there is 
a good growth of clover, the wet swales 
contain an almost pure stand of T’. 
yariegatum and T’. tridentatum (Plate 
3-B). General observations show that 
the quail spend much time feeding in 
these swales. Even though the true 
elovers made up only a small part of the 
forage composition, the large amount of 
their leaves in the diet from January 
through May (Table 3) indicates that 
they are highly desired by the quail. 
The green material in the diet during 
May was probably T. variegatum and 
T. tridentatum, since these species re- 
main green until late in the season. 
Clover seeds made up 9.4 per‘ cent 
of the total diet and were found in 62 
per cent of all stomachs. They were 
‘taken in relatively large quantities 
from April through December and ap- 
pear to be a highly desired food. 
Turkey mullein (Eremocarpus setig- 
erus).—This plant provided almost as 
much quail food by volume for the year 
as did the clovers. Eremocarpus is an 
annual, native to the area. It germi- 
nates late in the winter but does not 
start rapid growth until after most of 
the other annual plants have begun to 
dry. When the forage inventory was 
made in April these plants were still 
very small; therefore the true abun- 
dance of this species is not satisfactorily 
shown. Best growth is made in heavily 
grazed swales or other places where the 
early vegetation of other species is re- 
moved while turkey mullein is still in 
an early stage of growth (Plate 4). It 
#8 common along fire-lines, in poorly 


tended fallow fields, and in other dis- 
turbed places. Turkey mullein begins 
to produce fruit in late May and casts 
seeds in abundance from July until 
the start of fall rains, after which the 
plant quickly dies. 

Green leaves of Eremocarpus were 
not taken by the quail; general obser- 
vation shows that this plant is largely 
avoided by other birds and by mam- 
mals as well. The seeds, however, made 
up more of the total diet of quail than 
those of any other species except alfil- 
eria, being in 44.7 per cent of the 
stomachs and composing 14.2 per cent 
of the annual food. During October 
they provided 50 per cent of the 
monthly diet. 

Spanish clover (Lotus americanus). 
—This species was fourth in volume 
in the quail diet. It was found in 59.6 
per cent of the stomachs and made up 
11.1 per cent of the total food. During 
1937 this species comprised only 0.5 
per cent of the plant composition. It is a 
native annual, well distributed over the 
study area. When growing in shallow 
soil on slopes, it begins to dry during 
the latter part of May, but in the 
deeper soil of swales usually remains 
green and produces seed throughout 
most of the summer. The percentage of 
Lotus in the plant inventory, as with 
Trifolium, fluctuates considerably from 
year to year. These common annual 
legumes, and Lupinus appear to par- 
allel each other to some extent in their 
fluctuations. Thus, several of the good 
quail-food plant species as a group 
vary in availability from year to year. 

The leaves of Lotus americanus were 
not eaten even though they remained 
green and succulent in many swales 
and moist places throughout the sum- 
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mer. Apparently, failure of the quail to 
utilize such foliage must be ascribed to 
“taste.” The seeds, however, appar- 
ently constitute a highly preferred 
food. One stomach of 10 collected in 
January contained nothing but Spanish 
clover seeds, with the result that the 
percentage of seeds for that month was 
high for the period when green material 
of other plants was abundant. 

Grasses (Gramineae).—The grasses, 
collectively, supplied 7.7 per cent of 
the annual quail diet but represented 
52.4 per cent of the total forage in the 
inventory. All leaves were treated col- 
lectively in the stomach analyses be- 
cause of the difficulty in separating 
those of closely related species. 

The commonest grasses on the Range 
were Bromus mollis and Festuca mega- 
lura. Less common were Avena bar- 
bata, Bromus rigidus, B. rubens, B. 
arenarius, Hordeum murinum, Poa 
scabrella, and P. annua. Bromus mollis 
was the most abundant species and 
made up 31.7 per cent of the plant 
composition, Festuca megalura being 
second with 9.3 per cent. Poa scabrella 
is the only perennial listed, and it, to- 
gether with species of Festuca, were the 
only native grasses represented in the 
inventory. Grasses were rather evenly 
distributed over the study area. 

Grass leaves were taken largely in 
January, February, and March, when 
they made up 3.9 per cent of the total 
quail diet. During these months, grass 
leaves, collectively, amounted to about 
as much of the total food volume as did 
any other single species, but their 
desirability must have been low since 
the grasses made up such a large per- 
centage of the plant composition. 

Seeds of all grasses made up 3.8 per 


cent of the annual diet and occurred in 
49.1 per cent of the stomachs. Judging 
from the large representation of Pog 
seeds in the diet and the relatively small 
proportion of this plant in the forage 
inventory, it appears that these seeds 
must have been the most preferred 
among those of grasses. Seeds of Bro- 
mus and Festuca, the two most abun- 
dant grasses, each comprised only 0.5 per 
cent of the annual diet, indicating that 
they were not especially sought. 

Oaks (Quercus).—Acorns of blue oak 
(Quercus douglasizi), and interior live 
oak (Q. wislizenii), made up 3.6 per 
cent of the annual diet. These two oaks 
are common and evenly distributed 
over the entire study area, but were not 
included in the plant inventory. Bits of 
oak leaves were found in two quail 
stomachs and made up only 0.01 per 
cent of the diet. 

General observations show that there 
is considerable fluctuation in the acorn 
crop from year to year, and for 1937 it 
was comparatively low. The acorns of 
blue oak are 2 to 13 inches long and } to 
2 inch in diameter, and those of the 
interior live oak are 1} to 12 inches long 
and about 3 inch in diameter (Jepson 
1923). Whole acorns were rarely found 
in the stomachs, since they are mostly 
too large to be swallowed by the quail. 

Acorn material made up 3.6 per cent 
of the diet during the year and was 
found in 8.8 per cent of the stomachs. 
The fragments obtained are largely 
waste bits dropped by ground squirrels; 
some are from acorns cracked and 
broken up by California jays. Lay and 
Siegler (1937) found that acorns broken 
up by the blue jay are used by the bob- 
white quail. Acorns are taken by valley 
quail mostly during the period from 
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August through December. The frag- 
ments average about the same size as 
the larger kinds of seeds found in the 
diet. 

Popcorn flower (Plagiobothrys).— Pla- 
giobothrys ranked seventh in order of 
bulk contribution to the quail diet, be- 
ing represented in 42.1 per cent of the 
stomachs and making up 3.4 per cent of 
the total food. The plants, chiefly Pla- 
giobothrys nothofulvus, with scattered P. 
tenellus, constituted 2.4 per cent of the 
total plant composition. Popcorn flow- 
ers have much the same habits of 
growth as Hrodium. They develop early, 
make leafy rosettes on the ground dur- 
ing the winter period, put up flower 
stalks early in spring, and seed soon 
afterward. In 1937, seeds were cast 
from the latter part of March until 
June. 

Leaves were taken only during Feb- 
ruary and March; they were found in 
4.3 per cent of the stomachs and made 
up but 0.3 per cent of the diet. 

Seeds of the two species named were 
taken most freely during the months of 
April through July; very small amounts 
were consumed in March, and from Au- 
gust through November. They were 
present in 39.5 per cent of the stomachs 
and composed 3.4 per cent of the diet. 

Lily family (Liliaceae).— Various spe- 
cies of this family, collectively, sup- 
plied 2.5 per cent of the diet volumetri- 
cally and were represented in 18.4 per 
cent of the stomachs. The only species 
recorded in the forage inventory were 
Brodiaea capitata and B. ixioides, which 
together made up 0.02 per cent of the 
plant cover. Allium spp. provided a 
small portion of the quail diet; scat- 
tered plants of these occurred on the 
area where the quail were obtained. 


These indigenous, bulb-bearing peren- 
nials were sparsely scattered through 
the general plant cover. In their 
annual cycles they produce shoots 
soon after the fall rains start, flower 
in early spring, and cast seed during 
April and May. For the remainder 
of the season the above-ground parts 
are dry. 

“Leafy” material from this group 
made up 2.2 per cent of the diet and was 
found in 11.4 per cent of the stomachs. 

Seeds of Liliaceae were lacking in the 
stomachs, but remains of bulbs were 
found. The figures listed in Table 2, un- 
der the column for “seeds,” actually 
represent bulb material. Parts of these 
plants were taken largely during the 
months of May, June, and July, and 
were found in 6.1 per cent of the stom- 
achs. 

Gilias (Gilia spp.).—These produced 
2.2 per cent of the total diet and were 
represented in 14.9 per cent of the stom- 
achs. Gilia tricolor made up 0.1 per cent 
of the forage composition. The plants 
were well distributed, chiefly on south 
exposures; two or three other gilias are 
of sparse occurrence locally. 

Leaves of Gilia formed 2.2 per cent of 
the quail diet and were taken by 12.2 
per cent of the birds, and the seeds were 
found in 2.6 per cent of the stomachs 
and comprised only 0.07 per cent of the 
total food. 

Tarweeds (Hemizonia).—Seeds of tar- 
weeds comprised 2.1 per cent of the total 
diet and were found in 14.9 per cent of 
the stomachs. Hemizonia virgata was 
the most common species of this genus 
on the area where plant sampling was 
done, forming 0.21 per cent of the com- 
position; only a trace of Hemizonia 
wrightit was found. 
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Provided soil moisture conditions are 
favorable, Hemizonia virgata seeds ger- 
minate about the first of December. 
The plants make very slow growth dur- 
ing the winter and spring months but 
go on more rapidly after most of the 
other herbaceous plants have dried. 
For this reason, the representation of 
Hemizonia, as in the case of Eremocar- 
pus, in the forage inventory is not in- 
dicative of the true proportion that the 
mature plants comprise. The plants at- 
tain an average height of 20-30 inches, 
but under favorable conditions may 
grow to 60 inches. Most of them remain 
green until the fall rains. They begin to 
flower in July and cast seeds in abun- 
dance from the latter part of August 
until they dry. 

Leaves of these plants did not occur 
in any of the stomachs despite the fact 
that they were green during the entire 
summer period. Seeds were taken large- 
ly from August through November. 

Miscellaneous Plant Species—Over 
50 species, other than those already 
discussed, were represented in the quail 
diet (Tables 2 and 3). Thirty of these 
each made up at least 0.01 per cent of 
the total volume. Most of the herb spe- 
cies were sparsely represented in the 
forage composition. Some shrubby spe- 
cies and mosses, not considered in the 
plant inventory, are included here. A 
few plants better represented in the 
flora, such as those of the mint family, 
were not found in the quail stomachs. 
Plants of the miscellaneous group are 
fairly well dispersed over the study area. 

Most of these minor items oecurred 
in less than 10 per cent of the stomachs, 
but a few, such as Lupinus bicolor, 
Calandrinia caulescens, and Ceanothus 
spp., had been sampled in small quanti- 


ties by many quail. In a majority of in. 
stances both leaves and seeds were eat. 
en. 
Unidentified Plant Items.—Thege 
made up 5.4 per cent of the food and 
were recorded for 46.5 per cent of the 
birds. Most of them were green plant 
materials taken during January, Feb- 
ruary, March, and April. Unidentified 
seeds were recorded mainly in May to 
July. 

Animal Food.—Animal food com- 
prised 1.6 per cent of the quail diet in 
April, 4.2 per cent in May, and 0.1 per 
cent in November, averaging only 0.5 
per cent for the year. All of that in April 
and May was taken by breeding fe- 
males, forming 11.2 per cent of their 
diet. Males took only traces of animal 
items during these months. For the full 
year, animal items, chiefly traces, oc- 
curred in 48.2 per cent of the stomachs; 
traces were recorded about equally of- 
ten for the males and females during 
the remainder of the year (aside from 
April and May). 

The animal food items taken were 
millipeds, spiders, mites, and insects of 
the orders Orthoptera, Neuroptera, 
Homoptera, Hemiptera, Coleoptera, 
Diptera, Lepidoptera, and Hymenop- 
tera. 

DIscussION 

In general, the results of this study 
are in close accord with those of Sumner 
(1935) on the food habits of the Califor- 
nia quail in the Santa Cruz Mountain 
region of California. However, certain 
food species that occurred as important 
items in the diet of the birds there, such 
as bur clover, were present only as rare 
traces in the plant composition on the 
San Joaquin Experimental Range and 
were thus not important in the diet. 
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As also noted by Sumner, the quail 
definitely select or ignore certain foods 
that are available to them in nature. At 


took it (frequency), and the representa- 
tion of the plant in the forage composi- 
tion: 


Percentage volume of this. , Percentage of stomachs in 


Desirability coefficient _ food in the total diet 


which-this food occurred 





of a food item 


the San Joaquin Range green parts of 
certain plant species were entirely re- 
jected, as for example those of Lotus 
americanus and Eremocarpus setigerus, 
while the seeds were much sought. In a 
few cases the seeds were largely ignored 
whereas leaves made up an important 
part of the diet, as was true of some of 
the grasses. 

A comparison between the propor- 
tions of certain species eaten by quail, 
and those shown in the forage inven- 
tory, indicates that considerable choice 
between various species of food plants 
is exercised. It is thought that the de- 
gree of selection may be represented 
mathematically for certain species of 
equal availability. For example, plant- 
development notes taken bi-weekly 
showed that species of Liliaceae, Gilia, 
Trifolium, Erodium, Gramineae, and 
Plagiobothrys were in about the same 
stage of development, hence had about 
the same relative amounts of leaf ma- 
terial, throughout the growing period. 
A simple mathematical expression may 
be formulated of the “desirability” to 
the quail of the green material of these 
important food plants during three 
months of the year when greens made 
up practically all of the diet. This takes 
into consideration the proportion of 
green material of a species found in the 
stomachs, the percentage of quail which 


Percentage of this species in total plant population 


To illustrate how the desirability co- 
efficient is computed, a species listed 
in Table 2 may be used. During Janu- 
ary, February, and March the green 
material of alfileria made up 14.5 per 
cent of the quail diet and was present in 
75 per cent of the stomachs, and all spe- 
cies of EHrodium together constituted 
33.6 per cent of the total plant composi- 
tion. Hence, for green material of Ero- 
dium during these three months the de- 
sirability coefficient is 


14.5X75 
33.6 


The desirability number arrived at is 
relative and only indicates choice be- 
tween species available to the birds at 
the time. Expressed in this way, desira- 
bility of the leaves of Liliaceae was 
18,067; Gilia spp., 2,394; Trifolium spp. 
844; Erodium spp., 32; Gramineae, 19; 
and Plagiobothrys spp., 8. All the spe- 
cies listed are well distributed over the 
study area so that they are readily ac- 
cessible to the quail. 

Such a desirability coefficient cannot 
be applied to all vegetable food items 
throughout the year because of the 
wide variation in their availability at 
different stages of plant development. 
The formula is presented here only as a 
work method and to indicate possibili- 
ties in future studies; other formulas 














142 JouRNAL OF WILDLIFE MANAGEMENT, VOL. 4, No. 2, Apriz 1940 


may be devised to show the relationship 
equally well or better. 

The food items may be classified ac- 
cording to the nomenclature of Leopold 
(1933, p. 270), even though the usage of 
terms may be different. Available infor- 
mation precludes final analysis in this 
respect as it shows only the relative 
amounts of leafy material present in the 
plant composition up to the height of 
the growing season, and does not take 
seeds into account. Also, the relative 
availability of seeds as they occur on 
the ground throughout the seed-eating 
period is not indicated. The important 
food items as they fit into Leopold’s 
system might be recognized as follows: 

a. “Preferred foods’: seeds of Lotus 
americanus, Trifolium spp., Lu- 
pinus bicolor, and Eremocarpus 
setigerus; leaves of Liliaceae, 
Gilia, and Trifolium spp. Since 
these species are so sparse in the 
plant cover and appear so abun- 
dantly in the diet they must be 
highly sought. 

b. “Staple foods’: seeds of alfileria 
and popcorn flower; leaves of al- 
fileria and grasses. The food- 
source species in this class are 
common in the diet as well as in 
the plant composition. 

c. “Nonpreferred foods’: seeds of 
Bromus mollis and Festuca spp.; 
leaves of popcorn flower. These 
foods are not much eaten by the 
quail but are very common in 
the plant cover. 

d. ‘Pastime foods”: wedgeleaf ceano- 
thus seeds. This food item occurs 
in small quantities in many 
stomachs and is taken chiefly 
while the quail are loafing under 
the wedgeleaf ceanothus shrubs 


commonly used as cover. This 
growth is common over the 
study area and generally pro- 
duces many seeds. 

The quail appear to follow the “op- 
portunist pattern” as regards choice 
between leaf and seed items throughout 
the year, taking seeds when they are in 
season and green leaves during the win- 
ter and spring (Fig. 1). However, the 
local birds seem to turn readily to de- 
sirable seeds as they become available 
(Fig. 2). Massey (1938) has noted this 
with the bob-white. 

Sumner (1935) pointed out that “the 
California quail, like various other spe- 
cies, requires no drinking water pro- 
vided there is present either a heavy 
dewfall, a supply of berries, or succulent 
vegetation.” To this should be added 
the further qualification of “acceptable 
succulent vegetation.”’ During the long 
dry summer the green leaves of turkey 
mullein, tarweed, and Spanish clover 
were readily available but not taken. 
Instead the quail relied on watering 
places as a source of moisture, and their 
local distribution was limited to a con- 
venient cruising radius about sources of 
water. 

The quantity of feed present on the 
study area apparently is not a factor 
limiting the size of the quail population. 
The ground litter samples showed an 
enormous quantity of seeds on the 
ground at the end of suramer, sampling 
indicating the presence of 334 pounds of 
seeds per acre. This of course includes 
both palatable and non-palatable kinds. 
Assuming that all were eaten, this seed 
supply would be enough to last for 44 
years if the quail population remained 
about one bird to two acres (Glading, 
1938), and each bird took about 19.6 
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grams per day, provided further that 
the seed did not sprout. At the rate of 
use in 1937, there is a potential 7-year 
supply of alfileria, turkey mullein, and 
Spanish clover seeds, the principal food 
species. The local quail are in no danger 
of starving at the critical period when 
their diet changes from seeds to leaves. 
That no food shortage exists even then 
is evidenced by the steady gain in 
weight of quail during that period 
(Glading, unpublished data). 

Animal items were frequently found 
in the quail stomachs but were not tak- 
en in sufficient quantities to be of any 
economic importance. Animal food was 
found in appreciable proportions only 
in stomachs of females that contained 
developing ova, and possibly it serves a 
special physiological need. In domestic 
poultry, protein requirement is higher 
during egg production (Lippincott and 
Card, 1934). Gorsuch (1934) and Sum- 
ner (1935) determined that animal items 
were taken by adult quail in largest 
quantities during the nesting period. 
These authors also found that animal 
food was taken by very young birds. All 
stomachs analyzed in the present study 
were from quail more than 8 weeks of 
age, so a statement as to the food of 
chicks cannot be made. 

The methods of plant sampling here 
reported are probably more elaborate 
than would be needed in most cases. 
Simpler methods, such as range recon- 
haissance, might be adequate and prac- 
tical. 


SUMMARY 


1. Food habits of California quail 
were studied at the San Joaquin Exper- 
imental Range in California during 
1937, giving consideration to the rela- 


tion between the proportions of foods 
taken and the composition of the plant 
cover. 

2. Description is given of methods of 
collecting stomachs, of taking inven- 
tory of the plant cover and of seeds left 
on the ground, and of determining daily 
intake of food by the birds. 

3. The food consisted of 99.5 per cent 
plant, and 0.5 per cent animal material. 
The plant food consisted of 72 per cent 
seeds and 27.5 per cent leaves. 

4. Some plants such as Lotus ameri- 
canus and Hemizonia sp. were readily 
accepted as seeds and ignored as leaves; 
others such as Gilia and the lilies were 
highly acceptable as leaves and hardly 
ever taken as seeds. 

5. Green plants such as Hremocar- 
pus, Hemizonia, Euphorbia, and Lotus 
americanus, which were present in con- 
siderable amounts during the dry sum- 
mer, did not serve to any appreciable 
degree as sources of succulent vegeta- 
tion in lieu of drinking water, the local 
birds depending chiefly on free water. 
Unpublished observations show that 
distribution of the birds in summer was 
correlated with that of watering places. 

6. A wide discrepancy was found be- 
tween the relative amounts of certain 
items present in the plant cover and the 
proportions in which they were taken 
by the quail. Some species, though 
sparse in the plant cover, made up a 
large percentage of the quail diet, 
whereas, other common species con- 
tributed only small percentages of quail 
food. 

7. An expression of relative “desira- 
bility” is presented for several species 
of plants that are in the same stage of 
development during 3 months of the 
year. This is arrived at by multiplying 











144 JouRNAL oF WILDLIFE MANAGEMENT, VoL. 4, No. 2, Aprit 1940 


the quantity of a particular food that is 


makes up of the herbaceous plants on 


taken, by the percentage of birdstaking the area. 


it, and dividing by the proportion it 


Per cent of diet X Per cent frequency 





Desirability coefficient = 
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A METHOD OF MARKING BEAVERS 
Shaler E. Aldous 


The marking of individual mammals 
for future recognition has become an al- 
most mandatory practice in most pres- 
ent-day ecological studies. Consequent- 
ly the problem has been receiving con- 
siderable attention during the past few 
years, and the development of methods 
that are reliable and simple to apply has 
taxed the ingenuity of field workers. Up 
to the present time no wholly satisfac- 
tory technique has been devised for 
marking beavers, although various 
methods have been tried. The best has 
been that of Bradt' who used a brand- 
ing iron on the tail. 

During the course of the author’s 
studies since the summer of 1937, ear 
tags, tattooing, and web punching all 
have been tried for marking these ani- 
mals. 

Ear tags were attached with little dif- 
ficulty, but when the animals were re- 
captured, the tags were generally miss- 
ing. In a single instance a tag remained 
in the ear for one year. 

Tattooing numbers in the web of the 
hind feet and on the tail was not suc- 
cessful, since no sign of the tattoo marks 
on the tail could be found 4 months after 
the operation, and though scars showed 
where the needles had pricked the webs, 
the marks were very difficult to read. 
Red, white, and orange tattoo oils were 
tried, but apparently the water, plus 
the licking of the wounds by the bea- 
vers, removed all the coloring matter. 

The web-punching method, however, 

* Bradt, Glenn W., 1938. A study of 


beaver colonies in Michigan. Journ. Mamm. 
19: 139. 


has given quite satisfactory results. 
This involves merely the punching of 
holes in the webs of the hind feet in 
code much like that used in indicating 
numbers by toe clipping. This method 
may not be the best possible way of 
marking beavers, but it is believed that 
it has some merit and can be used suc- 
cessfully until a better system can be 
developed. 

The only special equipment neces- 
sary is a hand-operated leather punch 
and some rubber tubing. The beaver 
can be handled safely by pulling the 
hind foot and tail of the animal to be 
marked through the top of the standard 
live beaver trap opened 4 inches. One 
man can perform the operation but two 
men can do it more easily, especially 
when large beavers are being handled. 
The animal should be held with the 
right and left feet in corresponding 
hands of the operator. Spread the toes 
of the web to be marked and punch a 
hole with the largest cutting tube (3/16 
inch) through the web. A 3-inch cutting 
tube would be more desirable but it is 
not standard equipment on hand 
punches. In order to insure a clean cut 
hole it is generally necessary to place a 
thin pad of rubber, leather, or card- 
board on the heel of the punch so that 
the cutter goes entirely through the 
flesh. The simplest way to accomplish 
this is to sheathe the heel of the punch 
with a half-inch section of rubber tub- 
ing. These sections of tubing are easy 
to apply and can be turned so that four 
or five holes can be punched before a 
new section is needed. In spreading the 
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LEFT 


toes to expose the web for punching, 
care must be exercised not to pull the 
lower and upper parts of the skin of the 
web unevenly as the dorsal and ventral 
parts of the web are separated by fas- 
ciae which permit considerable flexibil- 
ity. If this precaution is not observed 
there is a likelihood of upper and lower 
holes not corresponding when the skin 
is relaxed, with the result that when 
healing is complete, the hole is replaced 
by a minute scar that is hard to detect. 

There are two punching codes that 
may be used. The first (Figure 1) is a 
simple type that requires only a mental 
picture of the webs and is useful when 
only a few animals are to be marked. 
The webs are numbered from left to 
right straight across one to eight. 
Numbers 1 to 8 are marked by one 
punch in the web corresponding to the 








RIGHT 


Fig. 1. A simple code for punching holes in the webs of the hind feet of beavers. 


number desired. Numbers ending in 9 
and 0 are omitted. Number 11 may be 
shown by 2 punches in the number 1 
web; or, if it is felt by the operator that 
2 punches in a web would be confusing, 
these double numbers may be elin- 
inated. Number 12 is represented by a 
single punchin both 1 and 2 webs and s0 
on. Number 21 cannot be used as there 
is no way of distinguishing it from nun- 
ber 12. It is such factors that limit the 
method, but by using the double nun- 
bers such as 1] and 22 it is possible to 
get 44 animals definitely marked out of 
the first 100 numerals. In deciphering 
the code the smallest combination of 
figures is the proper number. In other 
words, always read from left to right. 
The second code (Figure 2) is prefer- 
able when a larger series of beavers is to 
be marked, or when the animals are at 
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LEFT 








RIGHT 


Fig. 2. A web-punching code for marking beavers that will permit the marking of 113 
animals without placing more than one hole in each web. 


several localities and there is likelihood 
that some intermingling may occur, or 
when animals are being transplanted 
from one area to another. 

This system involves the punching 
of the webs according to the values on 
the code illustration or to summations 
of these values. For example: animal 
number 1 would have only web number 
1 punched but animal number 3 would 
have web numbers 1 and 2 both 
punched. Animal number 60 would 
have web numbers 20 and 40 both 
punched not two punches in web 30. 

In order to facilitate the recognition 
of marked animals, a notch may be cut 


"in one of the ears of each animal. This 


can be done very easily with the same 
punch. If the beavers are sexed at the 
time of marking, it is desirable to notch 


the left ears of females and the right 
of males. 
Advantages of this method of mark- 
ing: 
1. It is practically painless to the 
animal. 
2. It is easy to apply (one man can 
do it if necessary). 
. It in no way handicaps the animal. 
. Hind feet of beavers are seldom 
caught in steel traps so the 
chance of having a marked foot 
lost is remote. 

5. The hind feet rarely show scars 
from fighting, whereas the tail is 
often mutilated. 

6. The marks are permanent. 

Disadvantages of this method : 

1. It requires care in application or 
the holes may close in healing. 


He CO 


147 


— 


PSE eS ES ek ES _ RE 5 O = 


Berea se 


Tine So: 


ee 


sl i OR 











148 JouRNAL OF WILDLIFE MANAGEMENT, VOL. 4, No. 2, Aprit 1940 


2. Returns from trappers cannot be 
depended upon, as the marks 
can be easily overlooked and 
may also be incorrectly record- 
ed. 

While this method of marking, which 

can be used equally well on muskrats or 
other web-footed species, has its short- 


comings, it is believed that it is a uge. 
ful, practicable technique that may he 
of considerable help to research work. 
ers. It is the author’s hope that pubii- 
cation of the description of this method 
will lead to its being tested by others 
and perhaps be instrumental in the de. 
velopment of still better techniques, 
Shaler E. Aldous 
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HOME RANGES AND POPULATIONS OF THE MEADOW 
VOLE IN SOUTHERN MICHIGAN! 


W. Frank Blair 


A considerable amount of data on the 
home ranges and populations of the 
meadow vole (Microtus p. pennsylvani- 
cus) was obtained during the field sea- 
son of 1938, incidentally to a study of 
the prairie deer-mouse in southern 
Michigan. All of the field work was 
done on the Edwin S. George Reserve, 
near Pinckney, Livingston County. 
Most of the investigations were carried 
on between late March, 1938, and the 
end of September of that year, but 
some additional research was performed 
in the summer of 1939. 

The field work was supported in part 
by a grant from the Michigan Academy 
of Science, Arts, and Letters. The facil- 
ities of the Reserve were kindly made 
available by F. M. Gaige, Director of 
the Museum of Zoology. B. J. Bujak 
and P. F. Blair, Jr., served as part-time 
assistants during the summer of 1938. 


EcoLocicaL ASSOCIATIONS 


All of the field investigations were 
conducted in grassy areas mostly dom- 
inated by two species of blue-grass (Poa 
pratensis and P. compressa). Two sub- 
divisions of the blue-grass association 
were recognizable. One was on low, rel- 
atively-moist ground near ponds and in 
a depression that had been occupied by 
a pond several years ago, and which was 
again filled with water in 1939. In these 
situations the blue-grass formed a luxu- 
riant growth and kept much greener in 


1Contribution from the Laboratory of 
Vertebrate Genetics, University of Michi- 
gan. 


late summer than that on higher, bet- 
ter-drained soils. Various other herbs 
and some shrubs contributed to the 
formation of a rather dense ground 
cover. This area is referred to later as 
moist grassland. The dry grassland of 
the well-drained soils had a sparse 
stand of blue-grass. In some places a 
panic-grass (Panicum scribnerianum) 
was plentiful. Other conspicuous, al- 
though generally widely scattered, 
herbs of the dry grassland were: mullein 
(Verbascum thapsus), milkweed (Ascle- 
pias syriaca), mint (Monarda fistulosa), 
yarrow (Achillea millefolium), and this- 
tle (Cirsium arvense). 

Other than the meadow vole, the 
small mammals recorded from the blue- 
grass association include the: short- 
tailed shrew (Blarina brevicauda tal- 
poides), prairie deer-mouse (Peromyscus 
maniculatus bairdii), wood-mouse (Per- 
omyscus leucopus noveboracensis), lem- 
ming vole (Synaptomys c. cooperi), 
jumping mouse (Zapus h. hudsonius), 
and mole (Scalopus aquaticus machri- 
nus). Of the larger mammals, the red 
fox (Vulpes f. fulva), weasel (Mustela 
frenata noveboracensis), and deer (Odo- 
coileus v. borealis) ranged over the asso- 
ciation. 

METHODS 


The field technique was planned pri- 
marily for the study of the prairie deer- 
mouse, but it seemed also to work satis- 
factorily for the meadow vole. Three 
plots in the blue-grass association, to- 
taling 20.4 acres, were employed for the 
study of home ranges and populations. 
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Each of the tracts was bordered on two 
sides by oak-hickory forest, and one 
was margined on a third side by a corn 
field that adjoined the Reserve. In oth- 
er directions the blue-grass association 
extended beyond the study areas. Small 
live-traps of the single-catch type were 
distributed over the area, 60 feet dis- 
tant in parallel lines. In two of the plots 
and in about one-third of another, the 
lines were 60 feet, and in the remaining 
area 45 feet, apart. 

The traps were baited with a mixture 
of millet, hemp, wheat, and canary 
seeds. Each was provided with a small 
wad of cotton that could be utilized by 
a mouse for building a nest. The traps 
were set in the evening, usually between 
5 and 7 o’clock. They were visited in 
the morning, chiefly from 7 to 9 o’clock, 
and were left unset during the day. The 
evidence of Hamilton (1937b: 257) in- 
dicates that in New York the period of 
greatest activity of the meadow vole 
occurs at about the hours of the morn- 
ing and evening that I was visiting my 
traps. Further, the small amount of 
bait removed from my unset traps dur- 
ing the day indicated that, except in 
cloudy weather, there was relatively lit- 
tle activity among the meadow voles 
during the time of day that the traps 
were not set. 

Each animal caught was numbered 
by clipping one toe off a fore-foot and 
by punching holes in the ears. In a few 
cases the voles later had their ears in- 
jured, apparently in fights, thus making 
the markings difficult to read. Each ani- 
mal was released at the point taken, 
after its sex, approximate age, breeding 
condition, and the number of the trap 
in which it was caught, had been re- 
corded. The meadow voles were sep- 


arated into three age groups. Animals 
that were less than half grown were 
reckoned immature. Individuals more 
than half grown but not fully adult in 
size were set down as young adult be. 
cause many of them were sexually ma- 
ture. All fully grown voles were re 
corded as adult. 

Strunk (unpublished thesis) used g 
somewhat similar live-trapping tech- 
nique for studying the home ranges of 
the meadow vole. He too, set traps in 
parallel lines and marked each individ- 
ual captured. His method differed, how- 
ever, in that each vole was released 
about 100 feet from the point of cap- 
ture to learn if it would return to where 
it was first caught. 

The statistical computations are by 
M. A. Taylor. Standard, rather than 
probable, errors are used. In the con- 
parison of two means the border line of 
difference between the two is consid- 
ered to be 2.7 or more times the stand- 
ard error of their difference. 


Sex Ratio 

During the 1938 field season 111 
meadow voles were captured. Of these, 
62 were males and 49 were females. This 
gives a sex ratio of 55.9 per cent males 
to 44.1 per cent females. The slightly 
greater number of males than females 
trapped undoubtedly is due to the 
greater “wandering tendency” of the 
males mentioned by Townsend (1935: 
98) and indicated by my own home 
range data. Townsend recorded sex ra- 
tios as high as 70 per cent males to 30 
per cent females; however, his trapping 
quadrats were smaller than the home 
range of a single meadow vole. 


BREEDING 
The breeding condition of each fe 
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male captured was recorded. Four 
stages of sexual activity were recog- 
nized, namely, non-breeding, apparent- 
ly pregnant, suckling, and recently 
suckling. In Table 1 the breeding data 
have been combined for plots 1 and 4, 
which were trapped simultaneously. In 
plot 3, which was always trapped a 
week earlier than plots 1 and 4, the only 
female recorded in the first July period 
was breeding. On the other hand, all 
females caught in the second July pe- 
riod (2), first August (1), second August 
(3), and first September (1), periods 
were non-breeding. Four (67%) of 6 fe- 
males trapped during the last Septem- 
ber visit were breeding. 

The data indicate a slump in breed- 
ing activity during July and the first 
half of August and a peak in the late 
summer and fall. No exact record of re- 
productive activity in the spring is 
available, but the relatively great 
abundance of young adult and imma- 
ture animals in the first July trapping 
period suggests that the maximum oc- 
curred in spring. Of the 41 meadow voles 
recorded from plot 1 in the period, July 
j1-17, 9 were immature and 11 were 
young adults. 

Two instances prove that a part of 
the females born in spring bear young 
the next fall. One that was first taken as 
an immature animal in the period, July 
11-17, was recorded as pregnant Au- 
gust 24-30, and another caught imma- 


' ture July 25-31 was found pregnant 


September 21-27. Bailey (1924: 528) 
found that in captivity females mated 
when only 25 days old and males at 45 
days. 

The evidence from breeding females 
examined during the present study in- 
dicated that at least 10 litters were pro- 


duced in the moist grassland and 4 in 
the dry grassland in plot 1 in 1938. As- 
suming an average of 5 young per lit- 
ter, as determined by Townsend (1935: 
98) and Hamilton (1937b: 784), there 
should have been 50 young voles pro- 


TABLE 1 


BREEDING STATUS OF FEMALES, 
PLOTS 1 AND 4 IN 1938 








: Total Non-_ Breed- 
Period caught breeding ing 

June 15-20 4 3 1 (25%) 
July 11-17 13 11 2 (15%) 
July 25-31 8 8 0 

August 9-16 13 11 2 (15%) 
August 24-30 14 8 6 (43%) 
September 7-13 20 13 7 (35%) 
September 21-27 14 8 6 (43%) 





duced in the moist grassland and 20 in 
the dry. Immature voles actually taken, 
however, numbered only 10 and 7 for 
these areas, respectively. Thus 80% of 
the probable number of young pro- 
duced in the moist grassland and 65% 
of those in the dry grassland were un- 
accounted for. This suggests a high de- 
gree of mortality among young voles 
before they leave the nest or soon after, 
or a rapid rate of dispersal that may 
have taken them outside the limits of 
the trapping area. The first alternative 
seems more likely. 


Home RANGES 


For the calculation of the size of the 
individual home ranges each plot has 
been drawn to scale on cross-ruled pa- 
per on which each square represents an 
area of 225 square feet (Fig. 1). If an 
animal was always caught in only one 
trap, it would be statistically correct to 
consider that on the average the home 
range of that individual would extend 
half the distance to the nearest traps in 
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* Fig. 1.{ Outlines of the home ranges of 6 adult female meadow voles in part of the moist 
grassland in plot 1 during September, 1938, illustrating method of calculating areas. Dots 
indicate traps; letters show traps in which each individual was caught. 


which it was not taken. Thus, with the 16 squares or 3,600 square feet. If the 
traps set 60 feet apart in lines separated vole were caught in two adjoining traps 
by the same distance, the home range in a line its home range would include 
in this theoretical case would contain 32 squares or 7,200 square feet. If an 
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TABLE 2 


MONTHLY HOME RANGES 
Moist grassland 
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Females Males 
Average Average 
Month Indi- number Average Indi- number Average 
viduals of times range viduals of times range 
trapped (acres) trapped (acres) 
July 8 2.8 0.17 14 4.2 0.29 
August 9 3.2 0.20 12 5.8 0.35 
September 10 3.6 0.21 8 2.9 0.27 
All 27 3.2 0.19+ .02 34 4.5 0.31+.02 
Dry grassland 
Females Males 
Average Average 
Month Indi- number Average Indi- number Average 
viduals of times range viduals of times Fange 
trapped (acres) trapped (acres) 
July 2 4.5 0.16 2 4.0 0.48 
August 4 3.5 0.21 6 3.8 0.44 
September 10 3.4 0.33 1l 2.8 0.53 
All 16 3.6 0.28+ .03 19 3.3 0.50+ .07 





animal were captured in two traps in 
the same line separated by traps in 
which it was not taken, one unit of 16 
squares would be allowed for each of the 
traps in which it was caught and one 
for every intervening trap. In many 
cases the home ranges extended diagon- 
ally across trap lines so that no such 
simple figure was formed. In these in- 
stances a 16-square rectangle (12 where 
the lines were only 45 feet apart) was 
drawn around each most distant trap. 
Then the outer corners of these rec- 
tangles were connected by straight lines 
and the squares within the irregular 
geometric figure thus formed were 
counted to determine the area of the 
home range. Squares that were only 
partially contained were counted as 
one-half. 


The sizes of the home ranges have 
been calculated on a monthly basis, i.e. 
on the records from two alternate weeks 
of trapping (Table 2). Data are availa- 
ble for the months of July, August, and 
September, 1938. Some individuals liv- 
ing near the borders undoubtedly had 
home ranges that extended beyond the 
limits of the plots. In order to eliminate 
most of these, no voles were included 
that were taken only once or in but two 
consecutive traps in an outside line. 
Immature voles were caught so few 
times each that no calculations of their 
home ranges have been made. Thus all 
of the voles for which home ranges have 
been calculated were adult or young 
adult animals. 

A tendency for the home ranges of 
meadow voles inhabiting the dry grass- 
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land to be larger than those of their fel- 
lows in the moist grassland led to sep- 
arate treatments of the two types of 
habitats, with the results shown in Ta- 
ble 2. The data indicate remarkably lit- 
tle variation from month to month in 
the average home range size of the sexes 
in either of the habitats. The greatest 
apparent variation was for females in 
the dry grassland, but the numbers for 
two of the months were so small as to 
be of little significance. 

For comparison of the size of male 
and female home ranges on the two 
sites, the monthly figures have been 
averaged. The results indicate that the 
average size of the female home ranges 
in the dry, was not significantly greater 
than in the moist, grassland. For males, 
however, home ranges in the dry grass- 
land were larger than those in the moist 
type, the difference in means being 
0.19+.07 acre. It is possible that the 
voles tended to range more widely in 
the dry grassland because of a smaller 
supply of food. 

The average male range was sig- 
nificantly larger than that of females in 
both moist and dry grasslands, the dif- 
ference in the means being 0.11 +.03 
acre for the former environment and 
0.22 +.07 acre, for the latter. The larg- 
est monthly range for voles of each sex 
was found in the dry grassland in Sep- 
tember, being for a male, 1.11 acres, 
and for a female, 0.45 acre. The home 
range of a meadow vole tended to re- 
main in the same vicinity, but its shape 
and size varied from month to month. 
The home range of each male in most 
cases broadly overlapped those of sev- 
eral other males and females. The home 
ranges of most of the females also tend- 
ed to overlie those of other members of 


the same sex. However, in the majority 
of cases, the degree of coincidence was 
relatively slight. Only 7 of 47 monthly 
ranges of females (including border res. 
idents that are not represented in the 
calculations of home range size, Table 
2) in plot 1 failed to trespass upon that 
of another female. Breeding as well as 
non-breeding animals sometimes had 
infringing domains. Nine breeding fe- 
males had ranges that encroached upon 
the home ranges of one or more non- 
breeding females, and in two cases the 
abodes of two breeding females over- 
lapped. In no case, however, were two 
females, one or both breeding, caught in 
the same trap on consecutive nights, al- 
though various non-breeding females 
were thus taken. A non-breeding female 
was found in a trap two nights after a 
recently suckling female had _ been 
caught there, and another in a trap 5 
nights after a pregnant female had been 
recorded there. In other cases of en- 
croaching home ranges of females, one 
or the other breeding, the animals were 
trapped in the area of overlap in differ- 
ent weeks. 

It seems evident that there is some 
factor that tends to make the females 
occupy ranges that are in part exclu- 
sive; nevertheless, most of them over- 
lapped at least slightly. Strunk (unpub- 
lished thesis) believed, as my evidence 
also indicates, that the meadow vole 
has a definite home range, which he 
called a territory and compared to the 
breeding territories of birds. He too 
found some overlapping of the home 
ranges. Possibly there is antagonism 
between the females, particularly dur- 
ing the breeding season, but the availa- 
ble evidence does not indicate to me 
that they have definite territories which 
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they defend against all trespassers. It 
seems highly probable that most mam- 
malian females attempt to drive away 
intruders from the close vicinity of their 


‘ nests containing young, but this does 


not constitute territoriality in the sense 
that the term has been used by Howard 
(1920), Nice (1937), and others in refer- 
ence to the breeding territories of birds. 
Some vacant spaces existed each month 
in the areas occupied by the voles. In 
August, 7 males and 4 females were con- 
centrated in a part of the moist grass- 
land, where each home range over- 
lapped at least one other, while vacant 
areas existed on all sides. This exempli- 
fies uneven distribution, even in rela- 
tively uniform habitat. 

Various authors have estimated the 
size of the home ranges of the meadow 
vole. Hamilton (1937a: 263) by the use 
of a live-trapping technique in New 
York concluded that the range of the 
meadow vole was about 1/15 acre. He 
did not. distinguish between male and 
female ranges, but did state that the 
“Males wander more widely than fe- 
males.” It is not entirely clear to me 
just how large his trapping areas were, 
but apparently they were small, ‘‘usu- 
ally approximating an acre.” If the 
trapping areas were of this small size it 
probably accounts for the small size of 
his home ranges. With such small trap- 
ping areas he undoubtedly had many 
ranges that extended beyond the limits 
of the plots, thus giving him a false im- 
pression of the size of the home range. 
Other estimates are of only passing in- 
terest, since they are for the most part 
based purely on speculation. Seton 
(1909: 522), for instance, guessed that 
the home range of Microtus drummondi 
probably is less than 50 feet across. 


The present study indicates that in 
the habitats investigated in southern 
Michigan the female meadow vole has 
an average monthly home range of 
about one-fifth to one-fourth of an acre. 
For the male meadow vole in moist 
grassland the comparable range is 
slightiy less than one-third of an acre, 
and in dry grassland, about half an 
acre. My data, therefore, indicate a 
larger cruising radius for the meadow 
vole than that calculated by Hamilton 
(1937a). In areas of similar cover the 
females have smaller ranges than the 
males. In moist grassland the males 
tend to have slightly smaller limits than 
in the dry grassland. 


POPULATIONS 


Two of the three trapping areas had 
too small populations of meadow voles 
to justify detailed consideration. Plot 
4, comprising 3.8 acres of dry grass- 
land, apparently harbored only one 
adult male and one adult female in late 
August and early September. This tract 
unconnected with any moist grassland, 
was probably on that account little in- 
vaded by the voles in late summer. 
Plot 3, 9.0 acres, mostly dry grassland, 
had a strip of moist grassland about 100 
feet wide across one end. Most of the 
voles were caught in that strip, and a 
majority of those in the dry grassland 
in late summer moved there from the 
moister environment. The population 
of voles in plot 3 varied from none in 
the periods, May 11-14, and May 21- 
23, to 14 in the periods, August 17-23 
and September 14~20. 

Plot 1, with 2.6 acres of moist, and 
5.0 acres of dry, grassland, had a much 
greater concentration of meadow voles 
than either of the other trapping areas. 
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TABLE 3 


TOTAL POPULATIONS OF MEADOW VOLES BY TRAPPING PERIODS 
IN THE 1938 SEASON ON 2.6 ACRES OF MOIST GRASSLAND 
AND 5.0 ACRES OF DRY GRASSLAND 








Moist grassland 


Dry grassland 











Noonworoce 
— 
] 


Period 
tad@'| ad 9 | im | im ¢ | Total add | ad 9 | imo | im ¢ | Total 
May 21-23 2 1 0 0 3 0 0 0 
June 15-20 3 4 0 2 9 0 0 1 
July 11-17 19 11 4 4 38 0 2 0 
July 25-31 17 6 1 3 27 1 2 1 
August 9-16 14 9 1 1 25 5 4 1 
August 24-30 15 10 1 1 27 3 3 0 
September 7-13 14 13 0 0 27 4 6 1 
September 21-27 9 6 0 0 15 4 7 0 





* Including young adult. 


No meadow voles were recorded from 
this plot during three days of trapping, 
March 30—April 1, three days, April 
20-22, and 4 days, May 11-14. The 
first individuals were taken in the moist 
grassland in plot 1 in the period, May 
21-23, after which they increased to a 
maximum in mid-July (see Table 3). 
Then there was some decrease to a level 
that remained relatively constant until 
mid-September, after which there was a 
sharp decline. In the dry grassland, the 


first vole was taken in mid-June, and 
the population increased to a maximum 
in late September. 

The total number of meadow voles 
was always larger in the moist, than in 
the dry, grassland in plot 1, even 
though the dry area was almost twice 
as large as the moist. In order to com- 
pare the populations of voles in the two 
types of environment, the numbers per 
acre during each trapping period have 
been summarized in Table 4. In reck- 


TABLE 4 


COMPARISON OF TOTAL AND RESIDENT POPULATIONS OF MEADOW VOLES 
PER ACRE IN MOIST AND DRY GRASSLAND ON PLOT 1, DURING 
THE SUMMER OF 1938. “NON-RESIDENTS” ARE THOSE VOLES 
THAT WERE CAUGHT ONLY ONCE DURING THE SUMMER 








Moist grassland 


Dry grassland 








Period Total Resident Total Resident 
population population population population 
per acre per acre per acre per acre 
May 21-23 a3 — 0 0 
June 15-20 3.5 3.5 0.2 0.2 
July 11-17 14.6 11.9 0.6 0.6 
July 25-31 10.4 10.0 0.8 0.8 
August 9-16 9.6 8.5 2.4 2.2 
August 24-30 10.4 9.2 1.2 1.2 
September 7-13 10.4 9.2 2.2 2.2 
September 21-27 5.8 5.8 2.6 2.6! 





1 Three included here were caught only once each, but since no subsequent trapping was 


done it is not known whether they were immigrants or transients. 
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oning the total population every vole 
taken was included. In calculating the 
resident population those individuals 
that were considere’ transients because 
they were caught only once during the 
course of the summer were excluded. 

The smallest number of voles in the 
moist grassland was revealed in late 
May, when only three individuals or an 
average of 1.1 per acre were recorded 
for a three-day trapping period (see Ta- 
ble 3). The average catch per acre in- 
creased rapidly to a summer’s maxi- 
mum of 14.6 in all, including 11.9 resi- 
dent animals, in early July (Table 4). 
From the middle of July to the middle 
of September both the gross and resi- 
dent populations remained relatively 
constant, with an average total per acre 
of about 10 and a resident population of 
from 8.5 to 10 individuals. In late Sep- 
tember, the population dropped sharp- 
ly to 5.8 individuals per acre, all resi- 
dents. 

In the dry grassland, the first vole 
appeared in mid-June. The total popu- 
lation increased gradually from 0.2 
voles per acre in the June period to 2.4 
per acre in early August. Then it de- 
creased slightly in late August and early 
September, but reached a peak of 2.6 
per acre in late September. The late 
September maximum is in marked con- 
trast with the decline at that season in 
the moist grassland, and suggests move- 
ment from the moist to the dry habitat. 
Most of the moist grassland bordering 
the dry in plot 1 was not trapped, how- 
ever, so there is no positive evidence 
that the voles in the dry grassland came 
from there. 

By the time field work was resumed 
In April, 1939, almost all of the meadow 
voles had disappeared from the plot. 


Four days of trapping were done, April 
23-26, then between May 23 and Sep- 
tember 9 the plot was trapped in alter- 
nate weeks. During this entire season 
only three voles were taken. A male 
that was first recorded as a young adult 
on August 26, 1938, was found dead 
in a trap on June 14, 1939. An un- 
marked young adult female was taken 
on July 24, and an unmarked adult 
male was caught on August 7. Thus 
meadow voles were extremely scarce in 
the summer of 1939 in contrast with the 
concentrations of as many as 14 indi- 
viduals per acre in the summer of 1938. 


TRANSIENTS 


Some of the meadow voles from the 
moist grassland in plot 1 probably were 
transients, as they were caught only 
once. During the first July period (Ta- 
ble 3) two adult males, two young adult 
females, and two immature females, or 
a total of 6 (15.8%) of the 38 voles 
trapped here were recorded as transi- 
ents. In the second July trapping time 
there was one roving adult female or 
3.7% of the 27 voles captured. During 
the first August period two young adult 
males and one adult female (12.0%) of 
the 25 voles seemed to be vagrants. One 
of the males was known to have come 
from the moist grassland about 100 
yards west of the plot. In the second 
August trap time, two adult and one 
immature males (11.1%) of the 27 voles 
handled were stragglers. During the 
first September period, one adult male 
and two adult females (11.1%) of the 
27 voles trapped were recorded as 
transients. There were no wanderers 
among the last lot of 15 voles trapped 
in September. 

In the dry grassland, a wandering im- 
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TABLE 5 
NEW VOLES ESTABLISHING THEMSELVES IN THE MOIST GRASSLAND 




















Males Females P 
Period Total of oun 
r ire 

aaut | YQue | ade | YgURs one 
July 11-17 10 1 0 4 15 50.0 
July 25-31 2 3 1 0 6 26.1 
August 9-16 2 0 0 2 4 17.4 
August 24-30 0 1 2 1 4 16.0 
September 7-13 2 0 1 0 3 11.1 
September 21-27 0 0 0 0 0 0 





mature male was recorded for the first 
period in August. In the last trap time 
in September, one adult male, one 
young adult female, and one immature 
female were taken only once each. 
There is no way of knowing, however, 
whether these were transients or immi- 
grants, as no later trapping was done. 

The data for the moist grassland in- 
dicate that the greatest influx of tran- 
sients came in early July, and no new- 
comers were found in the latter part of 
September. During August and the first 
part of September the number of wan- 
derers per trapping period made up ap- 
proximately 12.0% of the total popula- 
tion of meadow voles. In fact, the sharp 
decline in population from the first to 
the last September period suggests the 
possibility of considerable movement of 
residents away from the area. The data 
for the dry grassland indicate that rov- 
ing voles were much less abundant than 
in the moist grassland. 


IMMIGRANTS 


Unmarked adult meadow voles that 
were taken from time to time suppos- 
edly moved into plot 1 from nearby 
areas of moist grassland. The transients 
that apparently moved into the plot 
and on through it into other areas have 
been discussed above. Other individuals 





came in and established themselves in 
the moist grassland (see Table 5). In 
the dry grassland in the same plot dur. 
ing the first July period, one adult and 
one young adult female immigrants 
were recorded; these comprised the to- 
tal population. In the second July trap 
time one adult male settled in the dry 
grassland, moving from the moist sec- 
tion of the same plot, where it was first 
taken. At the first August trapping, one 
adult and one young adult male and one 
adult female immigrants were among 
the 9 voles caught. During the second 
August period, one adult male imni- 
grant was among the 6 individuals re 
corded. In the first September trapping, 
one adult and one young adult female 
immigrants were among the 10 voles 
taken. During the last September trap 
time two new adult males and one adult 
female were caught. Since there was no 
trapping after this period in 1938, it was 
not possible to determine whether these 
three animals were transients or immi- 
grants. 

The ratio of immigrants to total pop- 
ulation for the first week in July is not 
comparable with that for subsequent 
periods, because of the much longet 
non-trapping time preceding the first 
period than separating the others. In 
the later trapping times, except for the 
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last in September, from 11% to 26% of 
the total population during each trap- 
ping period moved into the moist grass- 
land within the two weeks including the 
trapping week and that preceding in 
which no trapping was done. During 
the summer there was a gradual de- 
crease in the amount of immigration, 
declining to none at all in the last pe- 
riod in September. In the dry grass- 
land, immigration, though slight, con- 
tinued until late September. Two of the 
invaders of the dry grassland are known 
to have come from the moist grassland 
in the plot, and the others presumably 
came from a bordering area of moist 
grassland and marsh. 


MATURATION OF YOUNG 

The adult meadow vole populations 
in both the moist and dry grasslands 
were augmented regularly by immigra- 
tion and by the maturation of young. 
These latter individuals were residents 
of the study area while still immature, 
and some of them probably were born 
there. The data on maturation (Table 
6) indicate that the population of sexu- 
ally mature voles was regularly re- 
cruited by the development of a few of 
the resident immature animals. The 
number of voles maturing during the 


TABLE 6 
VOLES MATURING IN PLOT 1 























Moist Dry 
grassland grassland 
Period | 
Fe- Fe- 
Males) males | Males) males 
July 11-17 0 2 1 0 
July 25-31 2 0 0 0 
August 9-16 0 2 1 1 
August 24-30 1 0 0 0 
September 
7-13 0 1 0 1 
September 
21-27 0 0 0 1 











two week interval between the end of 
one trapping period and the next, how- 
ever, was quite small—two or less in all 
instances. During the entire period of 
three months, only 8 resident immature 
voles reached maturity in the moist 
grassland, and only 5 in the dry. Even 
so, this is a considerable proportion of 
the total of immature voles recorded, 10 
in the moist, and 7 in the dry, grass- 
land. 


PorpuLATION LOSSES 


Immigrant and maturing individuals 
tended to increase the numbers of voles 
in moist and dry grasslands in plot 1, 
and if there had been no losses the pop- 
ulations would have grown steadily 
throughout the course of the study in- 
stead of remaining relatively uniform 
and finally decreasing in late Septem- 
ber. A comparison of immigration and 
losses (Table 7) in the moist. and dry 
grasslands shows that in both situations 
the disappearance of voles was approxi- 
mately compensated for by influx of 
other individuals. The only exception 
was in the moist grassland in late Sep- 
tember, when lack of immigration and 
a high degree of loss of residents sharply 
lowered the population. Even at this 
season in the dry grassland, the inflow 
balanced losses. 

Two of the voles in the moist grass- 
land moved into a nearby plot, and two 
individuals died in traps, but the fate 
of the others is unknown. Some of them 
possibly moved into nearby areas that 
were not trapped, while others doubt- 
less were the victims of predators. 


PRINCIPAL FEATURES OF 
THE POPULATION 


From the time that meadow voles 
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TABLB 7 


COMPARISON OF IMMIGRATION AND POPULATION LOSS OF 
MEADOW VOLES IN MOIST AND DRY GRASSLAND ON 
PLOT 1 DURING SUMMER OF 1938 



































Moist Dry 
grassland grassland 
Period Period 
L Immi- Immi- L 
osses grants grants osses 
June 15-20 2 15 June 20-July 17 2 0 
July 11-24 8 6 July 18-31 1 0 July 11-24 
July 25—-Aug. 8 4 4 Aug. 1-16 3 I July 25-Aug. 8 
Aug. 9-23 6 at Aug. 17-30 1 1 Aug. 9-23 
Aug. 24-Sept. 6 4 3 Aug. 31-Sept. 13 2 1 Aug. 24-Sept. 6 
Sept. 7-20 13 0 Sept. 14-27 3 3 Sept. 7-20 
Totals 35 32 12 6 





first appeared in the trapping areas in 
May until the study was discontinued 
in late September, animals that were 
more or less permanently resident com- 
prised the major part of the population. 
During most of the season some of the 
resident females were producing young. 
The number of young recorded was 
much less than the probable number of 
young produced, which suggests a high 
degree of mortality or dispersal in the 
immature voles. Of course the trapping 
methods may possibly have been less 
effective in taking immature than adult 
animals. Most of the immature voles 
that were captured remained in the 
area and slightly increased the adult 
population as they matured. The prin- 
cipal additions to the adult population 
came through the immigration of voles 
from other areas, an influx that just 
about made up for the number of resi- 
dents that disappeared from the plot. 
This suggests that there was a maxi- 
mum number of voles that the area 
would support. As some of the residents 
disappeared, presumably through fall- 
ing victims to predators or by moving 
into other areas, their places were taken 


by immigrants. In addition to resident 
and immigrant voles, there was a con- 
tinual flow of transient voles that 
moved through the plot but did not set- 
tle there. 


SuMMARY 


In the summer of 1938, meadow voles 
(Microtus p. pennsylvanicus) were stud- 
ied in areas of sparse and heavy cover 
(dry and moist situations) in the blue 
grass association on the Edwin §. 
George Reserve, Livingston County 
Michigan. Slightly more males than fe- 
males were trapped, with 55.9% of the 
total number recorded being males and 
44.1% females. The preponderance of 
males apparently was due to their 
greater wandering tendency. The con- 
dition of the females indicated peaks of 
breeding activity in spring and fall, 
with a lower rate in mid-summer. The 
number of young voles caught was 
much smaller than the probable nun- 
ber produced, and this seemed to indi- 
cate a high rate of mortality in the im- 
mature voles, or possibly a high rate of 
dispersal soon after they leave the nest. 

The average size of the home range 
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of a female vole during a period of one 
month was found to be about one-fifth 
to one-fourth of an acre, with no sig- 
nificant difference in this respect be- 
tween the moist and dry grasslands. 
The average male range was slightly 
less than a third of an acre in moist, and 
a little less than half an acre in dry, 
grassland. Thus, in areas of similar cov- 
er the females had smaller home ranges 
than those of the males. 

The populations of meadow voles 
were much greater in areas of heavy, 
than in those of sparse, cover. The max- 
jmum average per acre in the moist 
grassland was 11.9 in early July, while 
the peak in dry grassland was 2.6 per 
acre in late September. The population 
during any one period was largely made 
up of more or less permanently estab- 
lished individuals. A few immature 
voles reached maturity, thus augment- 
ing the population of adults. Mature 
voles were constantly moving into the 
area and settling there, except in late 
September, when there presumably was 
an exodus. The number of immigrants 
was approximately equal to that of resi- 
dents that disappeared. Vanishing res- 
idents may have been victims of pred- 
ators, or they may have moved to 
other areas. In addition to the residents 
and immigrants, there was a continual 
flow of transient voles that moved 
through the area but did not settle 
there. 

In the summer of 1939, meadow voles 


were very scarce in contrast with their 
abundance in 1938. 
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INTERNAL PARASITES OF COTTONTAIL RABBITS 
IN CONNECTICUT 


Carl F. Clancy, Erwin Jungherr, and Palmer R. Sime 


In connection with a study of the cot- 
tontail by the Connecticut Cooperative 
Wildlife Research Unit! an opportunity 
presented itself to make a survey to de- 
termine the species, the incidence, and 
the seasonal and geographic distribu- 
tion of parasitic helminths and coccidia 
occurring in these rabbits. 

Two species of wild rabbits are in- 
digenous to this state, the eastern cot- 
tontail, Sylvilagus floridanus mallurus 
and the New England cottontail, Syl- 
vilagus transitionalis. 

The two species are much alike, 
hence differentiation of all the speci- 
mens received was not possible, espe- 
cially when the head had been crushed. 
Such specimens were recorded as un- 
identified. 

The eastern cottontail apparently in- 
habits all parts of the state, while the 
New England cottontail is found more 
frequently in eastern than in western 
Connecticut (see Chart 1). The actual 
density of the cottontail population in 
Connecticut is not known. However, in 
another study of this cooperative proj- 
ect, a statistical analysis of the hunter’s 
kill was made for the years 1923 to 
1934. These data indicated that a low 
point in rabbit population was reached 
in 1934. From the more or less cyclic 
behavior of the rabbit population it 
would be expected that the trend would 
be on the increase for the years 1936 to 


1The University of Connecticut, the 
Connecticut State Board of Fisheries and 
Game, the U.S. Bureau of Biological Survey, 
and The Wildlife Institute, cooperating. 


1938 during which the present observa. 
tions were made. 


MATERIALS AND METHOps 


The rabbits examined were received 
from various parts of Connecticut after 
having been shot or trapped by game 
wardens. For the parasitologic exami- 
nation the stomach was opened and the 
contents washed into a large crystalliz- 
ing dish. In order to free worms imbed- 
ded in the mucosa, the stomach was 
rubbed briskly and rinsed several times 
in the wash water. The suspension of 
stomach contents was allowed to stand 
for several minutes, to permit sedimen- 
tation of worms, and the supernatant 
fluid was then decanted. Several suc- 
cessive washings and decantings left the 
parasites relatively free from particles 
of the stomach contents, and permitted 
their counting and identification. The 
small and large intestine and their con- 
tents were treated in a similar manner. 

In addition, a sample of feces was col- 
lected and examined for worm eggs and 
coccidia by the sugar solution flotation 
method. In order to get something like 
a standardized technique, a sample of 
approximately 1 gram of feces was 
comminuted thoroughly with 15 ce. ofa 
solution consisting of equal parts by 
weight of cane sugar and water. After 
passing the fecal suspension through 4 
wire mesh of about 30 apertures to the 
square inch (an ordinary tea strainer) 
and centrifuging it at 2,500 R.P.M. for 
10 minutes the surface of the sugar solu- 
tion was “skimmed” with the flattened 
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end of a glass rod. The drops of fluid Obeliscoides cuniculi. This parasite (M 
collected were placed on a glass slide, commonly known as the rabbit stomach ere 
covered with a 22mm. square cover slip worm, was first described in America ma’ 
and examined immediately under the by Graybill (1) who differentiated j, Sch 
low power objective of the microscope. from the European rabbit stomach I 
A total count of worm eggs and coccidia worm, Graphidiumstrigosum, and placed ser’ 
appearing under the cover slip was it in the subfamily Trichostrongyling, tras 
TaBLeE 1 was 
PARASITIC INFESTATIONS IN CONNECTICUT RABBITS fror 
the 
‘ rabit | Peliseoides|Passalurus | ittoteenia |Cysticereus| Coocidia | Negative a cor 
a c . aad : - cunic’ ambiguus | variabilis | pisiformis centage of “ t 
No. | %*| No.| % | No.| % | No.| % | No.| % | No.| % || No] % bei 
Eastern ‘om C 

cottontal | 31/ 48/ 0O/ O| 34] 53] 20] 32] 47} 73] 2] 3/1 64] 19 
Ssenccoue| Nett’ |g! a} a] a] al az] al asl slo] 2] sf al. fp ™ 
Unidentified | 23| 43| 2] 4] 20] 38] 15] 28] 31] 59] 7] 13]) 53] 45 of t 
______| Tota 80 |_4o |_ 3 |_2| 53 |_43|_30| 30] 80] o7| 10| 8 || 120| Me 
| Eastern | lS ee ae ee ee ee ee ee es E. 
cottontail | 22] 34 0} 10] 15| 9| 14] 45] 69] 10] 15|| 65| 1 | 
Eastern New England Ind 

Connecticut cottontail 17 28 16 27 19 32 25 42 37 62 rj 12 60 | 18 
Unidentified | 34| 44] 2] 3] 20] 26] 18] 23] 44| 57] 21] 27|| 77] x 329 
“Total 73| 36| 18| 9| 49| 24] 62| 26|126| 62| 38| 19 || 202| m gree 
Locality et 2 ae oe oe a pee mn six 
unknownl | Unidentifed | 3| 27| | o| 4| s6|_5/ 45] 5| 45| 4] so] ula Fg. 
Total infestations 135 | 40} 21| 6|109] 32] 96] 28/217] 63] 52] 15 || 342 | 100 todk 
* Decimals of percentage figures omitted. | 
made in all cases except when there The life cycle of the parasite was stated be | 
were SO many eggs or coccidia that di- by Alicata (2) to be direct. The eggs ing 
rect counting was not feasible; in such measure about 83X47 microns in di- tap 
instances eggs and coccidia were count- mensions, are broadly ellipsoid in shape a fi 
ed in representative fields and the total and segmented when deposited. opa 
calculated. This worm was found on autopsy in od 
atic 40% of all rabbits examined; fecal eX- bits 
aminations yielded a somewhat higher tieu 
Three hundred and forty-two rabbits percentage, namely, 42%. It is know, sper 
were examined from April 1936 to May however, that there is no strict correla- c 
1938. Of this total 52 or 15% failed to tion between the parasite population = 
reveal internal parasitic infestation | and the egg count, or collection index. plie 
either by examination of the contents The degree of infestation in individ- infe 
of stomachs and intestines or of feces. ual animals was usually slight, about 10 ties 
The parasitologic data on the re- to 12 worms per rabbit, but occasion- bra: 
maining 290 specimens were analyzed ally a heavy infestation of as many 4s of 
with respect to geographic and sea- 100 worms or more was observed. nee 
sonal occurrence of the parasites, and to Passalurus ambiguus. The parasite the 
sex and species of the host. Details are known as the rabbit pin worm is like 6 to 
presented in Table 1. wise credited with a direct life cycle c 
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(Ménnig (3)). It is generally consid- 
ered to be of low pathogenicity, but 
may cause anal irritation, according to 
Schwartz and Shook (4). 

In this study these worms were ob- 
served in only 6% of all cases. In con- 
trast to Obeliscoides, the infestation 
was always heavy, the numbers ranging 
from 100 to several thousands. Even 
the severe infestations seemed to be 
comparatively harmless, as only one 
out of 21 infested rabbits appeared to 
be in poor flesh. 

Cittotaenia variabilis is the common 
rabbit tapeworm. Specific identification 
of this parasite was made by Dr. Allen 
McIntosh, through the courtesy of Dr. 
E. W. Price of the Bureau of Animal 
Industry. Cittotaenia was found in 
32% of the rabbits examined. The de- 
gree of infestation was usually less than 
six worms per animal but in one in- 
stance 31 immature and mature ces- 
todes were counted. 

Tapeworm infestations could often 
be recognized immediately after open- 
ing of the abdominal cavity, as mature 
tapeworms dilated the intestine, gave it 
a flat band-like appearance, and an 
opaque-yellowish color. 

Many of the tapeworm-infested rab- 
bits were extremely emaciated, par- 
ticularly those that harbored several 
specimens. 

Cysticercus pisiformis. This bladder 
worm, which as the specific name im- 
plies, resembles a pea in size and shape, 
infests the abdominal and pleural cavi- 
ties, being attached to the serous mem- 
branes, and represents the larval stage 
of a canine and feline tapeworm (Tae- 
nia pisiformis). It was found in 28% of 
the cottontails examined, usually about 
6 to 12 cysts per animal. 

Coccidia were found in 63% of the 


rabbits and hence occurred more fre- 
quently than any other internal para- 
sites observed. Although at least six 
different coccidial species are known to 
infest the domestic, and presumably 
also the wild, rabbit, according to Beck- 
er (5), species identification was not at- 
tempted in this study, being deemed 
impossible on the basis of morphology 
alone. 

Geographic distribution of parasites. 
For the purposes of this investigation 
Connecticut was considered to consist 
of two principal regions, an eastern and 
a western, with the Connecticut River 
as the dividing line (Chart 1). On the 
basis of present data the parasites 
showed, on the whole, a fairly uniform 
distribution throughout the State. The 
pinworm, P. ambiguus, was an interest- 
ing exception in that 18 infestations 
were observed in eastern, and only 
three in western, Connecticut. 

Seasonal Occurrence of Parasites. Al- 
though it is realized that the number 
of specimens examined in certain 
months may not have been sufficient to 
indicate population trends, an attempt 
was made to study seasonal variations 
in incidence of the various parasites. 
Coccidia were found throughout the 
year. Although the prevalence of hel- 
minth parasites fluctuated from month 
to month and appeared to have some 
high and low stages, in most cases no 
definite trends were observed that 
would indicate recurrence at particular 
seasons of the year. O. cuniculi con- 
stituted an exception; it showed a def- 
inite falling-off during the winter 
months. This is represented graphically 
in Chart 2. 

Relation of sex and host species to 
parasitic infestations. Among the 342 
rabbits received in the laboratory the 
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CHART 2 


SEASONAL VARIATIONS IN INCIDENCE OF INFESTATIONS WITH STOMACH WORM 
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sex ratio was 161 males to 153 females, 
the condition of 28 specimens not per- 
mitting recognition of sex. There was 
little difference between the parasitic 
faunas of the sexes. Infestation with the 
bladder worm and rabbit tapeworm was 
observed to be 9% higher in the males 
than in the females, but this difference 
was not considered to be of statistical 
significance. 

As already stated, of the two host 
species, the eastern cottontail showed 
a fairly even distribution throughout 
the state, while the New England cot- 
tontail was confined mainly to the re- 
gion east of the Connecticut River. The 
regional distribution of the latter spe- 
cies was reflected in the parasitologic 
picture, as it was the principal host for 
the rabbit pinworm, which was never 
observed in the eastern cottontail. Thus 
the available data suggest a specific 
host-parasite relationship between the 
New England cottontail and the rabbit 
pinworm, possibly independent of the 
geographic occurrence of the host. 


Discussion 


This work deals with a parasitologic 
survey of 342 rabbits as part of a com- 
prehensive ecologic study of the cotton- 
tail rabbit in Connecticut. In such a 
survey it is obvious that the validity of 
the results depends upon uniformity in 
sampling. As may be seen from Chart 
1, there were several areas in which 
sampling was more extensive than in 
others. This factor has to be considered 
in the interpretation of the results. Al- 
though the total number of rabbit spec- 
imens examined was comparatively 
high, the figures when distributed for 
species of rabbits and parasites respec- 
tively, may be too small to have statis- 
tical significance. 
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It has been brought out that the ma- 
jority of wild rabbits in Connecticut 
harbor internal parasites, among which 
coccidia and stomach worms are the 
most common. Next in the order of 
prevalence are tapeworms, tapeworm 
cysts, and pinworms. These parasitic 
species also inhabit domestic rabbits; 
thus, there is a constant danger of re- 
ciprocal infestations between wild and 
domestic rabbits. 

In general, parasitic infestations were 
found to be fairly evenly distributed. 
The pinworm, however, occurred ex- 
clusively in the New England cottontail 
rabbit, which inhabits chiefly eastern 
Connecticut. Whether the selective af- 
finity of the pinworm for the New 
England cottontail is conditioned by 
the geographic prevalence of the host 
or by a specific host-parasite relation- 
ship cannot be stated with certainty, 
but the available data suggest the latter 
explanation. 

The season of the year seemed to ex- 
ert little or no influence upon the oc- 
currence of the parasites, with the pos- 
sible exception of the stomach worm, 
which showed a decided decrease in in- 
cidence and severity of infestation dur- 
ing the winter months. 

The question of pathogenicity of the 
various parasites, which is most impor- 
tant from the practical standpoint, is 
little elucidated in such a survey as this. 
No experimental transmission studies 
were undertaken but it was noted that 
fully 50% of the rabbits that showed 
malnutrition, were infested with 3 or 
more different species of parasites, in- 
dicating that the combined action of 
several parasites in the intestinal tract 
may exert a severe debilitating effect. 
However, a heavy infestation of only 
one species may cause an animal to “go 
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light,’’ as was noted in several rabbits 
harboring large numbers of tapeworms 
in the small intestine, or coccidia in the 
feces. 


SuGGESTED ConTROL MEASURES 


In view of the comparatively high in- 
cidence of parasitic infestation in the 
cottontails of Connecticut, it might be 
well to discuss possible control meas- 
ures. 

For parasites having a direct life 
cycle, as stomach worms and pinworms, 
a temporary reduction of the game 
population would aid in checking the 
extent of the infestation. 

For parasites having an indirect life 
cycle, as tapeworms and tapeworm 
cysts, a systematic plan of forest sanita- 
tion including destruction of carcasses 
would be helpful. Although the life 
cycle of the rabbit tapeworm is not 
known, and the species thus not subject 
to attack, in the case of C. pisiformis, 
the cystic bladder worm, control of 
predatory animals would aid in break- 
ing up the life cycle of the parasite, as 
dogs, foxes, and other wild carnivora 
are the primary hosts. Determination 
of the life cycle of the rabbit tapeworm, 
C. variabilis, is necessary before a con- 
trol method can be suggested. 

The internal parasites of mature cot- 
tontail rabbits should be taken into 
account in planning restocking. Para- 
site-free animals may become rapidly 
infested and consequently not thrive; 
on the other hand, stock from outside 
regions may introduce new parasites. 


SUMMARY 


1. Internal parasites were found in 
85% of 342 cottontail rabbits collected 
in different parts of Connecticut. 


2. The parasites found and the per. 
centages of all rabbits positive for each 
parasite were as follows: Eimeria gp, 
(coccidia) 63%, Obeliscoides cunicyl; 
(stomach worm) 40%, Cittotaenia varia. 
bilis (tapeworm) 32%, Cysticercus pisi- 
formis (tapeworm cyst) 28%, and 
Passalurus ambiguus (pinworm) 6%. 

3. These parasites appear to occur 
fairly uniformly in the eastern cotton- 
tail, Syluilagus floridanus mallurus, as 
well as in the New England cottontail 
Sylvilagus transitionalis, throughout the 
state, with the exception of Passalurug 
ambiguus, which was found exclusively 
in the New England cottontail, and pri- 
marily in eastern Connecticut. Obelis- 
coides parasitism was lowest in the 


, winter months. 


LITERATURE CITED 


1. GrayBILu, H. W. 

1923. A new genus of nematode 
from the domestic rabbit. Para- 
sitology, 15: 340-342. 

1924. Obeliscoides, a new name for 
the nematode genus, Obeliscus. 
Parasitology, 16: 317. 

2. AuicaTA, J. 

1932. Life history of the rabbit 
stomach worm, Obeliscoides cu- 
niculi. Journ. Agric. Res. 44: 401- 
419. 

3. Ménnica, H. O. 

1934. Veterinary helminthology 
and entomology. William Wood 
and Company, Baltimore, Md., 
p. 142. 

4. ScuwartTz, B. and W. B. SHoox 

1935. Rabbit parasites and dis- 
eases. U.S.D.A. Farmers’ Bulle- 
tin 1568, 1-30. 

5. Becker, E. R. 

1934. Coccidia and coccidiosis of 
domesticated game and labora- 
tory animals and of man. Col- 
legiate Press Inc., Ames, lowa, 
pp. 77-88. 


Carl F. Clancy 

Erwin Jungherr 

Palmer R. Sime , 
University of Connecticut 
Storrs, Conn. 





OBi 


the | 
yet | 
only 
but 
tion 
diffe 
an a 
imp¢ 
ern § 
was 
lecte 
Bird 
the - 


°& CO 


prod 
auth 
of tl 
at t 
lecte 
15, | 
thro 
sion: 
wert 
cord 
in li 
fluic 


hist 
mitt 


oval 
mat 


ologi 





> per- 
each 
@ sp, 
niculi 


varia- 


and 
No. 
occur 
tton- 
18, ag 
ontail 
it the 
Lurus 
sively 
d pri- 
belis- 
1 the 


1atode 
Para- 


me for 
liscus. 


rabbit 
es Cu- 
: 401- 


ology 
Wood 
Md., 


| dis- 
Bulle- 


sis of 
ibora- 
. Col- 


Towa, 


recticut 








OBSERVATIONS ON CORPORA LUTEA IN THE OVARIES 
OF MARYLAND MUSKRATS COLLECTED DURING 
THE WINTER MONTHS 


Thomas R. Forbes and Robert K. Enders' 


The date of the annual inception of 
the breeding period in muskrats has not 
vet been satisfactorily established. Not 
only do reports on the subject differ, 
but the time of beginning and the dura- 
tion of the period undoubtedly vary in 
different parts of the United States. In 
an attempt to establish the date in an 
important breeding ground on the East- 
ern Shore of Maryland, an examination 
was made of ovaries of muskrats col- 
lected at the Blackwater Migratory 
Bird Refuge, which is administered by 
the Bureau of Biological Survey. 


MATERIALS AND METHODS 


The material used was selected from 
a considerable number of muskrat re- 
productive tracts furnished the junior 
author by Herbert L. Dozier, in charge 
of the Bureau’s fur animal field station 
at the refuge. The animals were col- 
lected from February 1 through March 
15, 1938, and from November 30, 1938, 
through January 28, 1939, by profes- 
sional trappers. The reproductive tracts 
were removed, grouped together ac- 
cording to collection dates, and fixed 
in 10 per cent formalin or in Bouin’s 
fluid in the field. 

The investigation was limited to a 
histological study of the ovaries. So far 
as Material and collection dates per- 
mitted, a representative number of 
ovaries of animals trapped at approxi- 
mately equal time intervals was se- 


‘ Work done under the United States Bi- 
ological Survey. 


lected. Both gonads from each of 119 
reproductive tracts were dissected out 
of the ovarian bursae and prepared for 
sectioning. Complete serial sections 
were made at 10 micra and stained with 
Mayer’s acid hemalum and eosin or 
with Harris’ haematoxylin and acid 
fuchsin. 

The ovaries examined were judged to 
be those of sexually mature animals. 
The criteria for sexual maturity were 
the degree of development of the repro- 
ductive tract, the gross size of the 
ovary, and some indication that the 
ovary was prepared to release, or had 
released, ova, as indicated by the pres- 
ence of mature follicles, true corpora 
lutea, corpora lutea atretica, or corpora 
albicantia. A true corpus luteum is 
formed when, following the discharge of 
the ovum, the cells comprising the inner 
layer of the follicular wall become pale 
and enlarge into typical luteal cells. The 
appearance of a corpus luteum atreti- 
cum is quite similar except that the 
ovum is retained within the follicular 
cavity. A corpus albicans is an old, re- 
gressing corpus luteum in which con- 
nective tissue elements have infiltrated 
among the shrunken luteal cells. 


OBSERVATIONS 


As part of the histological examina- 
tion, a count was made of the corpora 
lutea in each ovary. The results are 
summarized in Table 1. These figures 
include neither corpora lutea atretica 
nor corpora albicantia. It appeared that 
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the latter pertained to the annual 
breeding season preceding the period 
during which the animals were trapped. 


TABLE 1 


OCCURRENCE OF CORPORA LUTEA 

IN OVARIES OF MUSKRATS COL- 

LECTED IN MARYLAND FROM NO- 
VEMBER 30TH THROUGH 


MARCH 15TH 
Number Number of true 
Collection of pairsof corporaluteain 
date ovaries each pair of 

studied ovaries 
November 30 1 0 
December 1 3 0,0,0 
December 6 5 0,0,0,0,0 
December 7 1 0 
December 19 7 0,0,0,0,0,0,0 
January 2 5 0,0,0,0,0 
January 9 7 0,0,0,0,0,0,0 
January 14 7 0,0,0,0,0,0,0 
January 21 10 9,0,0,0,0,0,0,0,0,0 
January 28 8 0,0,0,0,0,0,0,0 
February 1 10 2,0,0,0,0,0,0,0,0,0 
February 4 6 0,0,0,0,0,0 
February 8 10 8,4,4,0,0,0,0,0,0,0 
February 15 7 0,0,0,0,0,0,0 
February 24 10 7,5, 5,2, 1,0,0,0,0,0 
March 6 1 0 
March 11 11 6,5,4,4,2,2,1,0,0,0,0 
March 15 10 8,4,4,3,3,0,0,0,0,0 

Total 119 


The ovaries for November 30 and for 
December 1 were small and inactive 
even though the animals were judged 
to be mature. The ovaries obtained on 
December 6, 7, and 19, however, were 
very much larger and contained nu- 
merous immature follicles which were 
obviously responsible for the increase 
in ovarian size. The January ovaries 
were, for the most part, as small and 
inactive as those for November 30 and 
December 1. No explanation can at 
present be offered for the remarkable 
increase in size and number of ovarian 
follicles during December, particularly 
in light of the fact that subsequently 
these follicles, instead of maturing and 
rupturing, apparently underwent re- 
gression. This was indicated by the 


fact that the January ovaries Seemed 
almost entirely inactive and contained 
numerous atretic follicles and corpora 
lutea atretica. 

Follicular atresia is characterized by 
the degeneration of the ovum and the 
follicular epithelium and by the iny. 
sion of the follicle by connective tiggye 
elements. Such atresia, occurring at any 
stage of follicular development, is com. 
monly the fate of a large proportion of 
the follicles of the mammalian ovary, 
The peculiar feature of the December 
muskrat follicles just described is that 
apparently all of them became atretic, 

In one of the ovaries taken on De 
cember 6 and in one of the pairs of 
ovaries taken the following day ther 
were observed four, and two, old cor. 
pora lutea, respectively. While thes 
corpora had not regressed sufficiently 
to be classified as corpora albicantia, 
yet their appearance was such as to in- 
dicate that they represented follicles 
that had ruptured a considerable time, 
perhaps several weeks, before the ani- 
mals were trapped. Similar old corpora 
were seen infrequently in the February 
and March ovaries. The age of these 
corpora could not be determined, but 
it seems safe to assume that they had 
originated during the previous fall, or 
perhaps even earlier. 

Three or four of the January ovaries 
contained numerous, nearly mature fol- 
licles, and a large number of mature or 
nearly mature follicles were seen in 
most of the early February ovaries. At 
the same time, the number of January 
and early February ovaries containing 
recent corpora lutea, an indication that 
ovulation had begun, was low. (See data 
for January 21’and February 1 in Table 
1.) The recent origin of such corpora 3% 
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did occur was indicated by the persist- 
ence of a large central cavity, the re- 
mains of the antrum. The ovaries for 
February 24 contained corpora lutea of 
a slightly more advanced age, as in- 
dicated by a diminution in the size of 
the central cavity and an increase in 
the dimensions of the corpora, while the 
ripe follicles were much less frequent. 
Anew generation of follicles was begin- 
ning to appear in the March ovaries; 
the latter did not contain recent corpora 
lutea. The numerous corpora which 
were present in these ovaries (see Table 
1) suggested by their appearance that 
they had originated at about the end of 
February. Unfortunately, no specimens 
were available for that period. 

Since the ovarian cycles of animals 
taken on any given day were not found 
to coincide exactly and since a few of 
the animals may not have been sexually 
active, it seems probable that the oc- 
currence of corpora lutea in 50 or 60 
per cent of the muskrats taken on a 
given date represents the maximum for 
any one time. 


DISCUSSION 


Since the above data are based on 
material from animals trapped in the 
wild and since there are no reports in 
the literature regarding observations on 
the reproductive activity of muskrats 
maintained in captivity, any interpre- 
tation of the present data must be 
viewed as tentative until founded on 
more extensive observations. 

The histological evidence here re- 
ported would seem to indicate that in 
the Maryland muskrat the first ovula- 
tory cycle of the annual breeding season 
begins early in February in most ani- 
mals, that the cycle has ended before 


the middle of March, and that a second 
ovulatory cycle promptly ensues. This 
would indicate that the first ovula- 
tory cycle occupies approximately 30 
days. 

That these conclusions do not apply 
to muskrats in other parts of the 
United States is demonstrated by the 
reports of Dixon (2) and of Svihla and 
Svihla (8), for example, that muskrat 
breeding occurs throughout the year in 
California and Louisiana, respectively. 
It is also possible that the onset of 
ovulation in muskrats in a given locality 
may vary slightly from year to year due 
to changing conditions of weather and 
food supply. The data here presented 
for the Maryland muskrat agree with 
field observations made by LeCompte 
(5) and Smith (7); the earlier report of 
Lantz (4) states that the first mating 
occurs in March. 

The duration of the first annual 
breeding cycle in the muskrat is of in- 
terest in connection with reports that 
the gestation period is about 27 days (9) 
or 29 to 30 days (1, 3, 6, 7). Thus the 
gestation period would seem to be of 
approximately the same length as that 
of at least the first ovulatory cycle of 
the muskrat, a point of some signifi- 
cance when it is remembred that in 
certain rodents, ovulation, mating, and 
the beginning of a new pregnancy may 
occur very soon after parturition. Fur- 
ther study will be required to determine 
whether this is the case in the muskrat. 

Gross examination did not reveal 
any embryos in utero in the animals 
from which the ovaries were obtained. 
This fact, however, does not in itself 
settle the question as to whether musk- 
rats become pregnant during the first 
ovulatory cycle. 
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OVARIES OF NEw JERSEY MUSKRATS 


Carl G. Hartman, of the Department 
of Embryology, Carnegie Institution of 
Washington at Baltimore, Md., has in- 
formed the writers that on March 5, 
1932, a group of investigators including 
himself and J. E. Shillinger, of the Bio- 
logical Survey, in charge of the Section 
of Disease Control, Division of Wildlife 
Research, collected a large number of 
muskrats near Salem, N. J. The ovaries 
were examined, and the oviducts were 
irrigated in an effort to obtain tubal 
ova. Dr. Hartman stated that nearly 
every specimen showed evidence of re- 
productive activity, such as ripe fol- 
licles, recent corpora lutea, or ova in 
cleavage stages up to and including the 
morula. 

SUMMARY 


Evidence from a histological exami- 
nation of the ovaries, and especially of 
the corpora lutea, of muskrats trapped 
in Maryland during the winters of 1938 
and 1939 indicates that during these 
years the first ovulatory cycle of the 
annual breeding period occurred be- 
tween the early part of February and 
the middle of March and that a second 
ovulatory cycle promptly ensued. 
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NATURAL RESTOCKING OF MUSKRAT-VACANT 
HABITATS? 


Paul L. Errington? 


In late years, many of the habitats 
of lowa muskrats (Ondatra z. zibethica) 
have been practically devoid of the ani- 
mals by spring. Not only has severe 
winter-killing occurred during recent 
droughts, but some of these droughts 
have also concentrated and_ handi- 
eapped population remnants so much 
that they were annihilated locally by 
public trapping for fur. Even when en- 
vironmental conditions were favorable 
to the muskrats, trapping was often 
drastic—especially when the market 
price for pelts reached a dollar or more, 
flat rate. 

Complaints of damage from muskrats 
plugging tiles, undermining road grades, 
foraging in cultivated fields (Errington, 
1938), ete., may arise, with or without 
good cause, and deliberate control may 
accordingly be undertaken; neverthe- 
less, the heaviest direct pressure Iowa 
muskrats suffer from man is in conse- 
quence of competitive exploitation of 
them as fur-bearers. 

Trappers who own or lease the land 
on which they trap, or otherwise have 
more or less assurance of exclusive trap- 
ping rights on the same areas each year, 
are, as expected, the more apt con- 
sciously to leave breeding stock. John- 
son’s (1925, p. 306) remark that 
“... it is usually the man who controls 

1 Journal Paper No. J-710 of the Iowa 
Agricultural Experiment Station, Ames, 
Iowa. Project No. 498. 

? Towa State College in cooperation with 
the U. S. Biological Survey, the American 


Wildlife Institute, and the Iowa Conserva- 
tion Commission. 


sufficient territory to trap on a large 
scale who is the better conservationist 
in a matter of this kind, since for him so 
much depends upon it’”’ applies to lowa 
as well as to New York State. As a 
whole, the trapping public of the Mid- 
dle West, with which I have had rela- 
tions for about 25 years, harvests the 
available fur crop as closely as it finds 
immediately profitable—and profit may 
be scant and yet inviting during hard 
times. 

Conservation may be further im- 
peded by wasteful and unethical prac- 
tices that vary with the locality. The 
list of abuses is long and needs no 
elaboration in this paper, but it is 
understandable why persons who re- 
peatedly have had traps and catches 
stolen and who know that nearly every 
prospective trap site will have its trap 
or traps may adopt the philosophy of 
“If I don’t get them, somebody else 
will.” 

Still, muskrats can and do maintain 
remarkably their numbers despite wide- 
spread overtrapping. Their high though 
often overestimated fecundity is a par- 
tial explanation for this ability unique 
among major North American fur- 
bearers. Again, muskrat adaptability 
—within limits—to a variety of living 
conditions (Errington, 1939a, and MS) 
is another patent reason why the ani- 
mals thrive over much of the continent 
if they have “half a chance.” Thirdly, 
spring influx of breeding animals may 
serve to repopulate habitats badly de- 
pleted by trapping or emergencies. 
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From the results of investigations 
begun in Iowa in 1934, it has been ap- 
parent that management of the musk- 
rat as a fur-bearer in this and neighbor- 
ing states would gain effectiveness if 
increased advantage were taken of 
spring movements. Let us then discuss, 
as thoroughly as our information seems 
to justify, the nature and magnitude of 
the annual dispersal from wintering 
quarters and some of the appl'cations 
that may be suggested. 


SprinGa DISPERSAL 


Typically, young muskrats of Iowa 
marshes spend their first fall and winter 
in, or close to, the home ranges of their 
parents (Errington and Errington, 
1937; Errington, 1939a, and unpub- 
lished), although irregular travel and 
establishment of residence elsewhere 
take place, notably in late summer and 
fall. Drought emergencies result in evic- 
tion and wandering of many animals 
but substantial proportions of the popu- 
lations studied continued or tried to 
live in their usual home ranges for 
weeks after the drying of marsh and 
stream beds. Muskrats wintering along 
ditches and small streams show par- 
tiality for long-established, intricate 
burrow systems if these are favorably 
situated with respect to food and water; 
and, in such burrow systems, there are 
commonly survivors by spring if any 
exist in the vicinity (Errington, 1937a). 
This also seems to hold true for bank- 
dwelling populations of marshes and 
lakes. Survival of lodge muskrats of 
marshes frequently depends more upon 
chance and location than upon quali- 
ties of individual lodges, though it 
should be recognized that some of the 
large, thick-walled lodges with several 


deep-water entrances may afford their 
inhabitants a degree of security not to 
be found in smaller lodges of more 
simple construction. 

In Central Iowa, a few sexually mg. 
turing males have been observed jp 
cross-country movement in January 
(Errington, 1939b), but most muskrats 
remained in wintering quarters some 
weeks longer. 

Closure of the trapping season fol- 
lowing the 1934 drought permitted the 
wintering of localized but substantial 
numbers of animals along one mile of 
Skunk River under observation south- 
east of Ames. Rises of the stream to 
flood stages January 19, February 15, 
and March 4, 1935, forced many musk- 
rats to leave their bank chambers for 
refuges in willow thickets near by. 
Fourteen were counted along a little 
over half of the one-mile stretch of 
Skunk River that could be approached 
by wading on February 15, and these 
returned to the banks with subsidence 
of the water; on March 4, at least eight 
were seen thus temporarily evicted 
from the banks in the same sample 
area; and, by March 19, “sign” was 
widely distributed up and down the 
River and its tributaries including 
stretches of watercourses that had been 
winter-vacant. 

Much of Squaw Creek, also near 
Ames, had no wintering muskrats after 
the trapping seasons of 1937-38 and 
1938-39. In the spring of 1939, the 
creek was in flood by March 12; next 
week, “sign” became increasingly evi- 
dent and general as the water went 
down and as the spring movement 
the muskrats gained momentum. Be 
cause of the drought of the fall and 
winter, nothing that could properly be 
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called a flood occurred on Squaw Creek 
in the spring of 1938; water had been 
gradually covering the creek bottom 
since early winter, however, and, on 
March 16, considerable “sign” was 
found in places miles from habitats 
that could possibly have wintered 
muskrats (Errington, 1939a). 

Little Wall Lake, near Jewell, was 
virtually dry the winter of 1936-37, 
and no indications of original muskrat 
residents still being alive were seen 
there after February 4. A mink (Mus- 
lela vison) scat picked up February 23 
consisted of muskrat fur and bones from 
portions usually eaten from a freshly 
killed victim, but the latter was be- 
lieved to have been a new-comer. Water 
from melting snow raised the level of 
the marsh about a foot by March 6; by 
March 17, it was again fairly attractive 
environment for muskrats, with numer- 
ous unused but suitable lodges. On 
March 27, the first indubitable evidence 
of reoccupation was found. 

It can be seen that the spring dis- 
persal may or may not be associated 
with floods, although it is possible that 
a flood coming at the right time may 
precipitate dispersal slightly ahead of 
schedule. Certainly, it is to be expected 
that an individual carried by flood 
waters outside of its radius of familiar- 
ity will—if it lives—wander erratically 
overland as well as along watercourses. 
That geographically lost muskrats may 
go nearly anywhere is demonstrated by 
mortality on highways, by discovery of 
animals in city streets, farm yards, 
buildings, and all manner of out of the 
way places, and by tagging returns 
(Errington and Errington, 1937, and 
unpublished). 

The hiatuses in our knowledge pre- 
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clude analysis of spring movements in 
the detail that we might wish, for data 
bearing upon muskrat behavior during 
this period of reorientation have ac- 
cumulated slowly. Many of our present 
conclusions as to the causes and se- 
quence of events must, therefore, be 
tentative. 

The general spring dispersal could be 
initiated by relatively few individuals 
becoming—because of early mating 
and advancing pregnancy—intolerant 
enough to drive out of wintering quar- 
ters others that were still sexually 
quiescent or at least not ready to depart 
of their own volition. If many came 
into states of sexual or territorial in- 
tolerance at about the same time, intra- 
specific friction would probably disperse 
the greater part of a dense wintering 
population within a few days. Enders 
(1939) discovered in the course of his 
histological studies of Ondaira zibethica 
macrodon that half of the ovaries of 
specimens taken February 24, 1938, 
from Cambridge, Maryland, and about 
60% of those taken near the middle of 
March contained corpora lutea; ovula- 
tion begins about the first of February 
in that locality, where I would judge 
from the embryos reported upon by 
Smith (1938) that the main breeding 
season is three to five weeks earlier than 
in northwest Iowa (Errington 1937b). 

In the latter locality, the first litters 
of young were born approximately two 
weeks later than the earliest recorded 
100 miles south, near Des Moines, and 
the stage of spring movement about 
the marshes in the northwest counties 
in early April seems comparable to that 
observed in central Iowa soon after the 
middle of March. Transients collected 
in April and early May from northwest 
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Iowa marshes proved to be of both 
sexes, with or without fight wounds, 
from immature males to pregnant 
females. 

It has long been known that male 
muskrats may to a considerable extent 
be taken selectively by trapping in 
spring (Johnson, 1925, p. 309; Marshall, 
1937). Spring losses from motor traffic, 
as so far determined from examination 
of Iowa carcasses, has affected largely 
wandering males, and these are also 
notably vulnerable to mink in April 
and May. The mechanism of much of 
this sex-selective mortality is clear. Not 
a very large proportion of the total 
population of muskrats seems to suffer, 
but that proportion is restless, ill-situ- 
ated (often recuperating from wounds 
received in intraspecific combat and 
living in makeshift nests on shore), and 
blunders into dangers to which animals 
established in peaceful residence are far 
less subject. 

Marshall’s (1937) sex ratio for 491 
spring muskrats (referred to as “pre- 
sumably ... Ondatra zibethica osoyo- 
osensis”’) taken on the Bear River 
Migratory Bird Refuge in Utah showed 
60.5% males, while the fall and early 
winter ratio for 1,065 individuals was 
only 48%. Of 595 muskrats caught by 
the Iowa Conservation Commission 
from Round Lake, northwest Iowa, in 
November, 1936, and December, 1936- 
38, 52.3% were males; of these catches, 
males comprised 55.1% of 463 young of 
the year but only 42.3% of 132 adults, 
which ratios probably reflect differential 
spring mortality from natural causes 
in the absence of legal spring trap- 
ping. 

We do not have spring specimens to 
compare with Hatfield’s (1939) data 
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from 484 animals trapped in south. 
eastern Minnesota, March 20-24, 1938 
but his series should not be more than 
a few days behind northern Iowa popy. 
lations in phenology. He noted that “of 
207 females examined, two contained 
small embryos... while three others 
showed evidences of implantation,” 
The probability that the Minnesgotg 
muskrats were in early stages of dis. 
persal at this time may be suggested by 
the ratio of 57.23% males, which | 
would guess may have been influenced 
by slightly selective trapping of wan- 
derers of that sex. 


ESTABLISHMENT OF BREEDING 
TERRITORIES 


Iowa muskrats appeared to be loosely 
monogamous during the breeding sea- 
son. In certain instances, it has been 
possible to recognize the members of 
isolated pairs and to verify by collec- 
tion the sexes of each after their reac- 
tions had been studied. At least some 
males may participate in routine family 
life to the extent of arranging and 
covering semi-helpless young in the 
absence of the female, and most males 
seem much better disposed than the 
females toward recently weaned of- 
spring. Indeed, intimate association of 
males and these young may be wit- 
nessed at times when currently nursing 
females may attack and kill trespassing 
young of larger sizes, including their 
own (Errington, 1939b). 

Subsequent to the initial spring dis 
persal involving both sexes, “settling 
down” in the vicinity of prospective 
summer ranges seems shortly to precede 
birth of each female’s first young of the 
season, usually from mid-April to late 
May in central and northern Iowa. Pre- 
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liminary stages of “settling” may be 
evident before then. It has been ob- 
grved that in late April and early May, 
mated pairs may concentrate on a con- 
gderable scale in parts of Round Lake 
that would be almost muskrat-vacant 
later in the summer; with general marsh 
populations less than one pair per two 
geres, temporary aggregations have 
reached densities of five pairs per acre, 
locally. Under these conditions, popu- 
lation shifts were gradual, and “sign” 
indicating similar behavior was to be 
sen along central Iowa watercourses. 
Obviously mated females taken from 
such aggregations were usually preg- 
nant. 

Solitary individuals likewise tend to 
spend a few days in a given area before 
moving on, but their departure may be 
more abrupt than that noted for pairs. 
Data on the movements of a stump- 
footed muskrat are illustrative. On the 
night of March 24, 1939, this animal 
left its distinctive tracks along a little 
less than a mile of Squaw Creek; from 
then to March 29, it confined its known 
activities to about a third of a mile of 
stream border, most of which was 
within the stretch covered on the night 
of March 24; no sign whatever could 
be found of the tracks after March 29, 
imespective of careful and repeated 
searches in five sections of land up- 
stream and two down. 

We have recorded little except rou- 
tine daily movement of adults from the 
middle of May in central Iowa, and the 
frst of June in the northern part, for 
the duration of the breeding season. A 
few isolated females may become mated 
and produce a litter or two in mid- 
summer or later, and a few wandering 
males may be killed by minks and 
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motor traffic in early June, but the 
spring movement is over. 

My interpretation of the data on dif- 
ferential sex movement and mortality 
is that the rather prompt mating of the 
majority of animals during the spring 
dispersal would tend to restrict their 
cruising radii more to the vicinity of 
their prospective summer ranges. This 
would probably leave unmated or un- 
bred considerably fewer females than 
the number of unmated males in the 
early weeks of the breeding season, as 
males have predominated somewhat in 
our winter population samples and as 
we suspect that muskrat monogamy 
may not be sufficiently strict to pre- 
clude a degree of sexual promiscuity 
resulting in females being satisfied 
through pregnancy without bringing a 
corresponding number of males into the 
comparatively stable ways of life of the 
mated. As the breeding season ad- 
vances, unmated females seem—and we 
must admit that our data on this point 
are fragmentary—to live in a quite 
sedentary manner deep in sparsely 
populated large marshes or in other 
situations where they are far safer than 
(and ultimately outnumber) the surplus 
males. 

On several occasions, we have, in 
June or July,seen pairs in isolated, deep- 
water clumps of rushes or reeds, where 
only lone individuals had been seen for 
weeks previously; when this happened, 
one litter would commonly be born and 
that from late June to the middle of 
July. Mid-summer specimens of solitary 
muskrats have included mature females 
that showed no sign of having been 
pregnant, and, of 76 judged to be 
females of preceding years that were 
caught by the Iowa Conservation Com- 
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mission at Round Lake in November 
and December, 1936-38, four, or 5%, 
apparently had never conceived. 


DISTRIBUTION OF BREEDING 
TERRITORIES 


When breeding territories were es- 
tablished, successive litters were, as a 
rule, born and raised therein unless 
modifications in living routine were 
necessitated by drought, population 
pressure, or other cause. Choice of the 
breeding territories appeared to be con- 
ditioned principally by characteristics 
of the available habitat and the musk- 
rat population already present. 

Old “‘strategic’”’ burrow systems are 
especially apt to be taken over, and 
parts of marshes having some old lodges 
seem to hold superior attractions over 
parts that have not. To a certain extent, 
attractiveness of old habitats may 
doubtless be ascribed to continued ex- 
cellence of environmental conditions 
but this is not invariably the case. Easy 
though it may be for a normal adult 
muskrat to build a lodge or dig a bur- 
row, undefended habitations of their 
own species are sought by spring new- 
comers probably both for reasons of 
convenience and safety and of psychic 
responses bound up with species social- 
ity of types described by Allee (1938) 
for other forms. 

Territorialism in the muskrat, as in 
many birds (Howard, 1920; Nice, 
1933), seems to delimit the breeding 
population of a given area, but it is dif- 
ficult to obtain pertinent data in a re- 
gion where the species exists mostly as 
underpopulations. Nevertheless, breed- 
ing populations on some tracts of wild- 
life refuges have shown striking uni- 
formity from year to year after winters 


not marked by excessive Poaching or 
other losses. 

From work carried on at Round Lake 
between 1934 and 1939 and at Cheever 
Lake (also a wildlife refuge in north. 
west Iowa) in 1939, it seems that about 
one pair per 30 to 50 yards constitute 
very nearly the peak breeding densities 
tolerated in superior shoreline habitats 
of these marshes. The deep-water habi- 
tats of Round Lake varied greatly in 
attractiveness and suitability from one 
year to the next; “settled” breéding 
densities in different portions ranged 
from zero to an average of three pairs 
per acre; when breeding densities ex. 
ceeded about two pairs per acre, intr- 
specific frictions and complications 
tended to nullify a surprising amount 
of reproductive effort. The central and 
frequently less favorable tracts (Er. 
rington, 1937c) appeared to be “set- 
tled’”’ by breeding muskrats chiefly after 
filling up of the marsh edge territories, 

While annual fluctuations in breeding 
densities may be evident mainly in the 
deeper parts of marshes and may thus 
reflect some ability of new-comers to 
distinguish between different grades of 
breeding habitat, the muskrats seem 
guided mainly in their choice by im- 
mediate suitability. Many times, with 
first class marsh and stream enviro- 
ment underpopulated, animals estab- 
lish territories in roadside ditches and 
small sloughs that have water only 
temporarily. 

Much as the presence of old bank 
burrows or lodges may influence “set- 
tling,”’ continued repair of these is 
necessary to offset the results of water 
action, trampling by livestock, levelling 
and disintegration of lodges by turtles 
water birds, etc. Manifestations d 
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former occupancy by muskrats may 
largely disappear during times when 
the densities surviving drought, over- 
exploitation, or conceivably epizootics, 
remain very low for years. Spring floods 
of Squaw Creek and Skunk River may 
wash out or fill with silt so many of the 
minor burrow systems that only a few 
semi-permanent ones may remain at- 
tractive and habitable, thus leaving 
long stretches of watercourses in nearly 
virgin condition so far as the muskrats 
are concerned, once or oftener each high 
water year. Populations in the early 
stages of recovery may then find ex- 
tensive areas that consist essentially of 
frontier environment, whether located 
along the edges of waters or toward the 
center of deep-marsh vegetation. Selec- 
tion of breeding territories under these 
conditions seems to be rather hap- 
hazard except with respect to spatial re- 
lationships, which, as observed, varied 
according to population densities up to 
the limit of tolerance of the animals. 
Seven breeding females and as- 
sociated males and young were judged 
to be the muskrat inhabitants of about 
90 acres of east-central Little Wall Lake 
during the spring and summer following 
the annihilative winter mortality of 
1936-37 (Errington, 1939a); two ac- 
tivity foci of family groups were about 
85 yards apart, but distances between 
other neighboring foci varied from 165 
to 375 yards and averaged about 230. 
In August, 1939, the breeding terri- 
tories on one of the Tetonkeha Lakes 
near Bruce, South Dakota, were noted 
to have been distributed at intervals of 
about 200 yards at a time when the 
center of the lake was passing through 
a shallow marsh stage after having been 
dry for years; furthermore, the terri- 


tories along the marshy fringe of an ad- 
jacent open water lake were situated at 
similar intervals, though the latter lake 
had had a fair water level since 1936 
and a muskrat population that was 
plainly building up in 1938 after virtual 
absence from 1934 to 1936. Shore- 
living breeding pairs in the vicinity of 
Cheever Lake were also distributed at 
approximately equal intervals—about 
every 40 to 50 yards—along both 
Cheever Lake and the much less perma- 
nent smaller bodies of water surround- 
ing it. 


NuMBERS INVOLVED IN NATURAL 
Sprinc REsToOcKING 


From the preceding discussion, one 
might expect that some sort of equaliza- 
tion of breeding densities would occur 
as a result of the spring dispersal, but 
the data show considerable variability. 
Where environments available to musk- 
rats are contiguous and lacking in pre- 
viously used burrow systems or lodges, 
breeding pairs may station themselves 
in about the same densities in past 
wintering grounds and present fron- 
tiers, alike. 

Dispersals were less equalizing when 
more than a few hundred yards of land 
separated the lakes, marshes, and 
streams. Whereas the 1939 breeding 
populations on heavily trapped marshes 
adjoining the Cheever Lake Wildlife 
Refuge were comparable (a pair about 
every 40 to 50 yards of shore), the 
Round Lake refuge has had, since 1936, 
consistently higher breeding popula- 
tions than privately trapped marshes 
in the vicinity. In 1937, Round Lake 
had a breeding density close to one 
animal per 2.6 acres; the density at 
Mud Lake, three miles distant and of 
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like quality as habitat but cleaned out 
by trapping during the winter, could 
scarcely have exceeded one per 15 acres 
(Errington, 1939a). In central Iowa, a 
section of small creek called Keigley’s 
Branch that was known to have been 
lightly to moderately trapped in the 
winters of 1937-38 and 1938-39 had 
breeding densities of about four pairs 
per mile both springs following, but the 
corresponding breeding densities for 
the neighboring, over-exploited Squaw 
Creek were less than one pair per mile. 

For Mud Lake, the heavily trapped 
marshes near Cheever Lake, and Squaw 
Creek, virtually the entire breeding 
populations, mentioned above, must be 
credited to spring influx. The Mud 
Lake breeding population for 1937 
probably came for the most part from 
Round Lake, from which, according to 
tagging and other data, the spring dis- 
persal amounted to perhaps 30% of the 
wintering population. A spring dis- 
persal of upwards of 65% of the popu- 
lation wintering in 1938-39 on Cheever 
Lake, proper, is suggested by the census 
figures obtained during the 1939 breed- 
ing season on this lake and from sur- 
rounding marshes, the latter believed 
to have wintered few animals. The 
Squaw Creek influx may most reason- 
ably be ascribed in good measure to 
muskrats wintering on Iowa State Col- 
lege property through which the stream 
flows; here, the animals, though legally 
protected, suffered some trapping, but 
the trapping, being surreptitious, was 
not so thorough as on land open to the 
public; the winter survival was calcu- 
lated at between five and eight per mile 
for both winters of 1937-38 and 1938- 
39. Insofar as the breeding densities for 
1938 and 1939 were about the same on 


the College grounds as along stretches 
of winter-depopulated creek or about 
pair per mile, the spring dispersals 
would appear to have reduced the Col. 
lege densities to half or less of the 
wintering populations. 

At the time of the spring repopulation 
of Little Wall Lake with seven breeding 
pairs or their equivalent after the an. 
nihilative winter losses of 1936-37, 
there was a fair population elsewhere in 
the neighborhood. The drought of 1936 
had been attended by varying crises in 
central Iowa stream habitats, but fall 
rains and a closed trapping season had 
been sufficiently advantageous to the 
muskrats to permit the survival of pos- 
sibly 10 per mile on the nearest drainage 
ditch and creek. Losses on Little Wall 
Lake were again annihilative in 1937- 
38, but the stream populations in the 
vicinity had been so depleted by a com- 
bination of drought and trapping that 
“sign” of only about one animal was 
seen on Little Wall Lake by April 28. 
Toward mid-summer, this animal was 
apparently joined by a mate, and, to 
the best of our knowledge, two late 
litters were produced. The resulting 
localized group was not overlooked by 
trappers, and the marsh was once more 
muskrat-vacant by the spring of 1939. 
The surrounding streams were trapped 
out in the winter of 1938-39 as they had 
been in 1937-38; no young were known 
to have been born on the marsh in 
1939, though T. G. Scott saw tracks 
there on May 18. 


DISPERSAL IN LATE SUMMER 
AND FALL 


The question of how important late 
summer and fall movements may be in 
the natural resocking of muskrat habi- 
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tats is one that may properly be con- 
sidered in this paper. We have not done 
the live-trapping and tagging of adults 
and subadults that would be required 
to answer it with any conclusiveness, 
but the results from summer tagging of 
588 young in combination with field 
observations are suggestive. 

As previously indicated in the section 
on spring dispersal, it is “normal” for 
muskrats to winter in the vicinity of 
where they spent the summer. We have 
recorded one instance of what could 
hardly be any except the same individ- 
ual (a female) spending its first two 
winters in the exact part of Round Lake 
where born; this, however, was a slow- 
growing partial albino (the only one 
known on the marsh since its birth, 
about June 14, 1936, to mid-summer 
1938, in approximately 1,000 hours of 
personal field work there) and hence 
was possibly abnormal enough in other 
respects to throw doubt on the repre- 
sentativeness of its behavior. Gradual 
extension of home ranges for hundreds 
of yards may also occur, but this differs 
from foot-loose departure (Errington, 
1939a). 

Post-breeding abandonment of famil- 
iar range by muskrats in search of new 
quarters took place on a variable scale 
in all habitats studied. Conspicuous as 
it was in drought years, this sort of 
movement was noted so much during 
wet years as well that it was judged to 
be due to individual idiosyncrasies per- 
haps more than to actual necessity. At 
any rate there seems to be no predicting 
what many animals may do even when 
apparently favorably situated. Late 
August through September seems par- 
ticularly a period of redistribution in 
central Iowa, though, in the event of 


sustained drought, population adjust- 
ments may continue into the winter, 
often to the accompaniment of vicious 
if not lethal strife. 

This late summer and fall drift has a 
multiplicity of aspects. It may be mani- 
fested not only by random movements 
of solitary muskrats but also by ap- 
pearances of several animals in retreats 
miles from places where any were known 
earlier in the season. I have had no 
experience with mass “migrations” in- 
volving dozens of individuals as that de- 
scribed by Thomsen (in Johnson, 1925, 
p. 286), but, while at Cheever Lake in 
late July, 1939, I was told by a farmer 
living near by that he had recently seen 
a group of “about ten or a dozen” 
travelling away from the marsh through 
his pasture. The occasional finding of 
two or more fresh carcasses at points on 
highways away from usual routes of 
travel of muskrats also suggests a cer- 
tain tendency toward gregariousness on 
the part of lost or uneasy animals, es- 
pecially at seasons of minimal friction. 

According to the 1939 data from the 
vicinity of Cheever Lake, wholesale 
egress from a dried-up marsh may fol- 
low concentrations of muskrats in the 
heavy vegetation of particular areas. 
In three instances, large numbers of 
animals lived for weeks in dense cat- 
tails and bulrushes, and their feces and 
cuttings were quite generally dis- 
tributed without reference to old 
habitations or recognizable territorial 
boundaries; then the areas of concentra- 
tion became deserted in the space of a 
few days. In all of these instances, 
breeding and care of young had been 
terminated either by drought or by ad- 
vancement of the season. A similar re- 
laxing of intraspecific intolerances was 
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noted by late July in shallow marshes 
still having wet spots in common use by 
many animals; one adult and 12 mixed 
young between about seven weeks and 
three months of age were found in a 
single newly-built lodge hardly big 
enough to conceal them. 

In contrast with the chewed-up, 
wandering, and ill-situated muskrats of 
late fall and early winter (Errington, 
1939a), comparable specimens taken in 
late July and August have had few 
wounds. The early autumnal drift 
seems to consist disproportionately of 
the immature—from young of six weeks 
to subadults of four or five months— 
but we know that veteran adults also 
may participate. Both the drift in prog- 
ress at and around Cheever Lake by 
the first of October, 1939, and the resid- 
ual populations of marshes that had 
been dry since late May to mid-July, 
were made up largely of combat-torn, 
if not dying, adults. 

The role of movements other than 
local adjustments during the late-sum- 
mer period of social latitude does not, 
despite exceptions, seem of more than 
limited consequence in repopulating 
Iowa habitats. As the coming of winter 
—especially a winter of crisis—may 
intensify intraspecific complications, 
the status of animals that are still un- 
settled in permanent quarters becomes 
less that of potential colonizers than of 
vagrants or militant invaders. In my 
opinion, the majority of winter-wan- 
derers in northern states do not suc- 
ceed in establishing themselves in suit- 
able retreats and finally freeze, die of 
wounds received in fighting, or are 
killed by motor traffic or by enemies to 
which they are vulnerable on land, in- 
cluding dogs, minks, and man. 


MANAGEMENT RECOMMENDATIONS 


In attempting to judge how much of 
an annual breeding stock is necessary to 
allow taking of a muskrat fur crop ong 
sustained yield basis, we should cop. 
sider properties not only of the species 
but also of habitats at different times, 

No evidence whatever of muskrats 
reproducing during the same calendar 
year that they were born was found in 
the course of the Iowa investigations 
(Errington, 1937b; 1939b; Errington 
and Errington, 1937), so the season’s 
breeding stock is at best no greater than 
the spring population. Successive litters 
were born to individual females at in- 
tervals averaging about a month, and 
numbers of litters per female varied 
from one to four, with two litters of 
usual, and three of frequent, occurrence 
(Errington, 1937b, and unpublished). 
For all of the six months—April to 
September—in which young were born 
and the average of 6.5 young per litter 
at or shortly after birth (Errington, 
1939b), reproductive activity and net 
population recovery both were condi- 
tioned by such things as the muskrats’ 
psychic responses in crowded or in 
under-populated environment and by 
the status of water, food, and cover at 
critical times. In addition, many of the 
loss trends from natural enemies, dis- 
ease, and intraspecific strife have been 
sufficiently intercompensatory to act as 
a collective factor; as one of these rose 
in importance at a particular time or 
place, the others automatically de 
clined, but intraspecific strife was 
usually dominantly operative and hence 
the ultimate check on productivity in 
“saturated” breeding areas. 

Our data on population recovery are 
not ready for publication, but it may be 
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said in advance that, from field studies 
supplemented by examination of about 
300 fall and early winter specimens 
taken from our observational areas, we 
have so far recorded averages as low as 
four, and as high as 17, young actually 
raised per season per resident adult 
female. The lowest recovery figure 
noted was associated with an over- 
crowded marsh; the highest with a 
slightly underpopulated drainage ditch 
having a superb food supply. To gen- 
eralize, it seems that we can ordinarily 
expect moderate breeding populations 
to raise about the equivalent of a full 
litter per adult female on marshes as at 
Round Lake; the equivalent of about a 
litter and a half on small natural 
streams of central Iowa; and the equiv- 
alent of perhaps two litters in the better 
ditch habitats. 

Lower breeding densities have given 
somewhat higher rates of increase in all 
types of environment from which we 
have data, except when breeding ani- 
mals were presumably too few to find 
mates as needed. In view of the in- 
tensiveness of field work done on Little 
Wall Lake in 1937, I do not believe 
that the seven females and associated 
males produced, on the part (about 90 
acres) that was habitable, more ‘than 
the 13 litters handled. Reproduction 
had terminated long before the drought 
crisis developed in late summer and fall. 
One female gave birth to four litters, 
but the average of only one and one- 
half born to the remaining six was an 
indication that the uncertainties of 
mating (due apparently to some short- 
age of males) more than offset the ad- 
vantages of a roomy and otherwise 
excellent habitat. 

Clearly, optimum breeding densities 


are at moderate, rather than at ex- 
treme, levels—low enough to avoid the 
disadvantages of overcrowding yet not 
so low that seasonal recovery is handi- 
capped. The following may be advanced 
as practical criteria that should hold 
fairly well for most muskrat environ- 
ment of Iowa and adjacent states, ex- 
clusive of the larger lakes and rivers 
concerning which our data are meager. 

For marshes uniformly well-grown 
with vegetation, breeding densities of 
about one pair per 50 yards along the 
shore and between one and two pairs 
per acre in the deeper parts have seemed 
most desirable from the standpoint of 
fur production; if the marsh is lake-like 
save for the peripheral 30 to 100 yards, 
it probably will not have a central 
population. Open, ‘summer resort” 
lakes are not the best habitat for musk- 
rats, and breeding densities of a pair 
per 200 to 500 yards of shore may often 
be all that can be expected. Medium- 
small streams and ditches intersecting 
corn fields and food-rich agricultural 
lands may accommodate six to eight 
breeding pairs per mile, but such water- 
courses, if bordered mainly by pasture, 
may be suitable only for half as many 
pairs, or fewer. 

To insure maintenance of breeding 
densities somewhere near the above 
levels would be, in the main, good 
management procedure, though, in 
practice, the difficulties of so doing are 
formidable. The known census tech- 
niques are too cumbersome and of too 
limited application for large-scale ad- 
ministrative use in determining when 
“enough” of the fur crop has been har- 
vested; but, even if that could be as- 
certained, it is highly doubtful if trap- 
ping regulations could be drawn up in 


or wane 
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such a way as to be sufficiently flexible 
or enforceable to serve their purpose. 
In all likelihood, neither the tenuous- 
ness of administrative control over de- 
tails of trapping nor the exploitative 
tendencies of competing trappers will 
change much for years to come. Accept- 
ing these impediments to effective 
management as inevitable, we may then 
ask what can be done anyway? 

For states having late fall and winter 
trapping seasons, a carefully planned 
system of refuges seems to offer the 
greatest possibilities. The details of es- 
tablishment and administration would 
have to be worked out in different locali- 
ties by experimentation and tagging. 
Square-mile wintering refuges situated 
every four to six miles should go a long 
way toward preserving stock for re- 
populating overtrapped streams; in 
extensive marshy areas, the reserva- 
tion of sizeable blocks (quarter-section 
units) perhaps a mile or two apart 
might be tried. 

All refuges should be selected from 
strong and regularly well-populated en- 
vironment, where spring survival is 
likely to be high in spite of most emer- 
gencies, poaching, and “normal”’’ losses. 
Once an adequate population is built 
up, a system that would automatically 
safeguard, and facilitate proper spring 
dispersal of, one-fourth to one-sixth of 
the muskrats present over county-wide 
areas in fall before trapping started 
should maintain the annual fur crop 
even though trapping on non-refuge 
lands became close to annihilative each 
year—assuming that no unusual com- 
plications from water fluctuations, epi- 
zootics, food shortage, etc., interfered 
with seasonal recovery. 

It is not apparent to me how a refuge 


system giving necessary protection to 
breeding stock could be adapted to g 
spring trapping season that extended 
into the period of dispersal. For that 
matter, regardless of the greater valye 
of individual pelts taken in “spring 
prime,” the management problems that 
may arise through harvesting at that 
season may be so resistant to solution 
that early to mid-winter pelting seems 
generally preferable in north-central 
environment with which I am familiar 
—notably in the event of wintering 
grounds being for some reason inade- 
quate to accommodate populations 
without heavy losses. 
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THE FOOD AND HABITS OF THE AMERICAN MERGANSER 
DURING WINTER IN MICHIGAN, CONSIDERED 
IN RELATION TO FISH MANAGEMENT! 


J. Clark Salyer, II, and Karl F. Lagler 


Random information on the food and 
habits of the American Merganser in 
Michigan has been gathered by investi- 
gators of the Institute for Fisheries 
Research since 1930 and the U. S. 
Bureau of Biological Survey conducted 
brief investigations in 1919 and 1920. 
One or the other of the authors has de- 
voted some time each year since 1930 
to field and laboratory studies of this 
bird. The purpose of the present paper 
is to bring together available informa- 
tion on the American Merganser in 
Michigan and to analyze the data in 
relation to fish management. 

The authors acknowledge with sin- 
cere gratitude the continued efforts and 
assistance of Professor Carl L. Hubbs, 
who initiated the project and who has 
been largely responsible for the arrange- 
ments which made possible the comple- 
tion of the study. Particular thanks are 
also extended to Director A. S. Hazzard 
for helpful suggestions and for privileges 
granted in the use of materials and 
records of the Institute for Fisheries 
Research. We are indebted to Drs. 
Leonard, Shetter, and Cooper of the 
Institute staff and to the U. 8S. Bureau 
of Biological Survey for helpful loans 
of records on food analyses of the 


1 Contribution from the Cooperative 
Fish Management Unit of the American 
Wildlife Institute (with support from the 
Associated Fishing Tackle Manufacturers), 
the Institute for Fisheries Research of the 
Michigan Department of Conservation, and 
the Museum of Zoology and the Department 
of Zoology of the University of Michigan. 


American Merganser in Michigan. The 
field officers of the Michigan Depart. 
ment of Conservation and Dr. M. Pp, 
Pirnie of the W. K. Kellogg Bird Sane. 
tuary of Michigan State College pro. 
vided many specimens for food studies, 
Other individuals and organizations 
who have contributed specimens, sug- 
gestions, and financial support are 
many; to all these we express our sin- 
cere thanks. 

With the aid of these institutions and 
individuals we have assembled ma- 
terials that enable us: (1) to show which 
species of mergansers may be of signifi- 
cance in the production of game fish 
crops in Michigan; (2) to determine 
under what conditions these ducks may 
limit or augment the production of 
game fish; (3) to contribute information 
on the food and feeding habits of mer- 
gansers in several different habitats; 
(4) to discover in what situations the 
control of depredations may be desir- 
able; (5) to suggest tested means of con- 
trol that will afford protection for 
vulnerable game-fish populations; and 
(6) to report evidence that may free the 
mergansers from unmerited condemna- 
tion and persecution. 

Data obtained are mainly of two 
sorts: (1) field observations on feeding 
habits, migrations, and concentrations, 
with special regard to variations in- 
duced by unusual weather conditions; 
and (2) records of food items eaten, 
obtained by laboratory analyses o 
stomach and gullet contents. An effort 
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has been made to integrate the field and 
laboratory studies, and to interpret 
them from the viewpoint of fish man- 


agement. 
FIELD OBSERVATIONS 


Migrations and concentrations. Field 
observations by the authors, supple- 
mented by information received from 
other naturalists and from conservation 
officers, provide an understanding of 
the migrations and concentrations of 
the American Merganser in Michigan. 
Beginning in early October, these ducks 
commence to gather on Great Lakes 
bays, river-mouth lakes, and lower 
reaches of rivers in the northern half of 
the Lower Peninsula. Important points 
of concentration are the Straits of 
Mackinac and Little Traverse Bay, 
Lake Charlevoix, Elk Lake, Grand 
Traverse Bay, the lower Boardman 
River, Lake Leelanau, Crystal Lake, 
Portage Lake, Hamlin Lake, Big Sable 
Lake, and Muskegon Lake on the west 
side of the State. On the east side of the 
Lower Peninsula, Saginaw Bay in its 
entirety is the area of greatest concen- 
tration for the whole State. On this 
Bay, off Point Au Gres, Bayside, and 
North Island, and between Sand Point 
and the Charity Islands, large aggrega- 
tions, totalling from three to ten thou- 
sand birds, gather daily for their mid- 
day rest. During this fall period, there 
is a transitory appearance of the birds 
on larger inland lakes such as Hough- 
ton, Mitchell, Long (Grand Traverse 
County), Crooked (Emmet County), 
and Hubbard. 

Until freezing weather arrives, these 
large concentrations spread over avail- 
able waters of the bays and the adja- 
cent portions of the lakes. During high 


winds, when the waters on the bays be- 
come rough, the birds move to the 
closest inland lakes and penetrate far- 
ther up the lower reaches of the rivers. 
Through the falls of most years south- 
ward migration reduces the numbers of 
the mergansers, until only the normal 
winter population is left at the onset of 
freeze-up weather. 

In some winters, far greater numbers 
of American Mergansers remain in the 
northern states, for reasons as yet un- 
determined. Such a winter was that of 
1933-34 in Michigan, when the winter- 
ing population was much larger than 
usual. Concurrently, these ducks stayed 
all winter in large numbers at such 
northern regions of concentration as the 
western end of Lake Erie, the Indiana 
lakes, Illinois River, upper Mississippi 
River, the Crescent Lake sandhill re- 
gion in Nebraska, and Upper Klamath 
Lake in Oregon. At the same time their 
numbers were markedly reduced in the 
usual southern concentration areas such 
as Salton Sea, Rio Grande reservoirs, 
Laguna Madre, Mississippi River delta 
region, Mobile Bay, Apalachee Bay, 
and the South Atlantic coastal bays. 
In the succeeding winter of 1934-35, 
the numbers of mergansers in the south 
were more normal, and only the usual 
low numbers were found on Michigan 
waters (Trautman, 1935). 

This sequence of events may be ex- 
plained in part by the fact that al- 
though the late winter of 1933-34 was 
one of the coldest on record in Michigan, 
the weather was unusually mild until 
the sudden freeze-up of Saginaw Bay 
and other similar Great Lakes waters 
during the last week of November. 
Many of the lingering migrants, as well 
as the normal winter population, were 
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forced onto the unfrozen middle reaches 
of trout streams where they were held 
by the protracted cold through Janu- 
ary, February, and March of 1934. 

For example, in the region of the 
lower Boardman River on November 7, 
1933, the mergansers were frequenting 
the lower river and Grand Traverse Bay 
exclusively, while the middle reaches? 
were free of the birds. At this time, five 
specimens were collected in about an 
hour from the lower river. On Decem- 
ber 22, 1933, the continued cold had 
forced the mergansers onto the better 
trout water upstream as far as the 
Grand Traverse-Kalkaska County line, 
in which vicinity two birds were taken 
within a half hour. That the fish ducks 
continued to use the middle reaches 
through early April is shown by the col- 
lection of one individual on April 1 and 
another on April 2, 1934, two individ- 
uals on April 3, and another on April 
11,—all taken incidentally to work on 
the beaver-trout problem (Salyer, 1934). 
Had the collector given full time to 
hunting mergansers, a number of speci- 
mens could have been obtained com- 
parable to the collection of November 7 
on the lower reaches of the river. Heavy 
concentrations were observed on the 
Pere Marquette River during this same 
general period in 1934. 

In the middle of January, 1934, ex- 
cessively heavy merganser concentra- 
tions were observed on the better trout 
sections of the North and South 
branches of the Au Sable River; and 


2 “Middle reaches” is used by us to denote 
that characteristic stretch of the more pro- 
ductive trout waters of Michigan streams, 
averaging from two to six feet in depth and 
from 40 to 150 feet in width, and fishable for 
the most part by wading. 


Ri 


during the succeeding four weeks, the 
numbers increased. A description of the 
habitat on these reaches of the Ay 
Sable River and its branches as wel] 
as a summary of the food of birds on 
these streams is given later in this 
paper in the section on food studies, On 
several days in late February and early 
March, from one hundred to two hun- 
dred or more mergansers were encoun- 
tered in a mile of stream, on both 
branches of the river. On February 23, 
it was estimated that there were 100 to 
125 birds on the mile of the South 
Branch in Township 24 N., Range 2 
W., Section 12. In the mile and a half 
of stream cruised in parts of Sections 6, 
7, and 8 of Township 24 N., Range 
1 W., approximately 270 birds were 
flushed. On March 7, on the North 
Branch between Boutells and Dam 3, 
sixty birds were using the one mile of 
open water. One hundred and twenty- 
five birds were estimated present on 
two miles of river between Halsteads 
Ford and the Ranch Hole. Few birds 
were seen on, the three miles of river 
upstream from Lovells, but the ten- 
inch snow here had such a hard crust 
that the noise it made in breaking under 
a man’s weight warned the birds so far 
in advance that a complete census was 
impossible. The air temperature during 
this period averaged low. On March 7, 
at 8:00 a.m., it was —7°F. 

During the night, anchor ice began 
forming, and on the morning of March 
8 (air temperature —11°F. at 8:00 
A.M.) only twenty-two birds were seen 
between Dam 3 and Halsteads Ford. 
However, in the afternoon of this day, 
a large concentration comparable to 
that of the previous day was found on 
the lowest four miles of the North 
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Branch. The mergansers of this concen- 
tration undoubtedly were forced down- 
stream by the heavy flow of ground ice 
above Lovells. The anchor ice had prac- 
tically disappeared in the lower four 
miles of the North Branch. 

On March 9, with an air temperature 
of —4°F. at 8:90 a.m., the South 
Branch at Chase Bridge (Township 
25 N., Range 2 W., Section 21) was 
free of anchor ice. In the late afternoon 
approximately five hundred mergan- 
sers were flushed from less than one 
mile of stream in the alder flats section 
downstream from this bridge. Four 
caretakers of fishing camps in a six- 
mile stretch of the South Branch in 
this general region (Sections 6, 7, and 
18, Township 25 N., Range 1 W., and 
Sections 29 and 32 of Township 26 N., 
Range 1 W.) were insistent that ap- 
proximately one thousand fish ducks 
worked the South Branch throughout 


February and most of March, 1934. 


It should be explained that heavy 
concentrations of this nature are not 
average numbers per mile throughout a 
stream, but local aggregations found on 
particular stretches visited. Interven- 
ing miles are often with few or no 
mergansers. These large concentrations 
are undoubtedly due: (1) to conditions 
in certain areas that favor the feeding 
habits of mergansers; (2) to a local 
abundance of larger trout which mer- 
gansers apparently tend to select; (3) to 
presence of secluded areas unfrequented 
by man; (4) to occurrence upstream of 
anchor ice; and (5) to the limitation of 
areas of open water in periods of pro- 
longed freezing weather. 

The numbers of mergansers winter- 
ing on the waters of northern Michigan 
are augmented in the latter half of 


February and early March by the re- 
turning spring migrants which, if they 
find the bays and lower streams frozen 
over, are compelled to move upstream 
onto the trout waters. This was espe- 
cially noticeable in the spring migra- 
tion of 1934. If the season is normal, 
however, these migrant birds use the 
open water of bays and lower rivers 
without penetrating to the middle 
reaches except casually, until mated 
pairs appear there in the latter half 
of March and early April. Numbers of 
these mated pairs were seen on March 
24 and March 28, 1934, on the North 
Branch of the Au Sable, and on April 
17, 1934, on the South Branch of that 
river. Mated pairs, as well as numbers 
of migrants, were noted on the Rainey 
River, Presque Isle County, on March 
22, 1934. On the upper Jordan River 
in Antrim County as late as April 24, 
1934, more than the usual number of 
mergansers (thirty) was present. These 
birds lingered until May 10, when three 
mated pairs were seen on the series of 
beaver ponds on the upper Jordan and 
ten pairs on the nearby Warner’s Pond. 
They did not subsequently nest at these 
sites. 

In recapitulation, the winter of 1933- 
34 in Michigan was characterized by a 
prolonged period of consistently cold 
weather which kept the lower river 
courses and bays frozen over, forcing 
onto the upstream trout waters the 
normal wintering mergansers, the lin- 
gering migrants of the previous fall that 
had been trapped by the early onset of 
winter, and the early spring migrants. 
As shown below, at least the wintering 
birds accumulate in numbers on parts 
of some major Michigan trout stream 
during almost every normal winter. In 
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the mild, open winter of 1934-35 com- 
paratively warm weather prevailed 
throughout the period during which 
the unusual concentrations were found 
in the previous winter. Trautman’s 
studies (1935), in February and March 
of 1935, indicated that the numbers of 
mergansers on the several trout waters 
that he visited were not large enough to 
call for control operations. 

During the winter of 1935-36, per- 
sistent cold weather drove considerable 
numbers of the fish ducks onto the mid- 
dle reaches of several important trout 
streams. Large concentrations occurred 
on the Muskegon between Newaygo 
and Croton, presumably because of 
food shortage due to the freezing of 
streams in other sections. State fish and 
game men reported other places where 
mergansers were sO numerous as prob- 
ably to require control measures.* On 
February 10, 1936, a large flock of fish 
ducks was reported by Superintendent 
J. Marks to have descended on a pond 
of the Wolf Lake State Hatchery and to 
have consumed quickly the entire brood 
stock of grayling and many trout.‘ 
Early in February it was reported by 
conservation officers that the lower 
reaches of the Au Sable River were 
freezing over, and anticipation of the 
upstream movement of wintering mer- 
gansers onto trout waters was ex- 
pressed. 

It was generally conceded by natu- 
ralists and residents on trout streams 
that the winter of 1936-37 saw few 
dangerous concentrations of fish ducks 
on trout waters. In late February, no 


* “Game Problem Grows Acute.” Ann 
Arbor Daily News. February 2, 1936. 

Ann Arbor Daily News, February 29, 
1936, and Detroit Free Press, March 1, 1936. 


birds were seen at several stations 
visited on open waters of the Pigeon, 
Sturgeon, and Black rivers. One mer. 
ganser in association with several] 
American Golden-eyes was seen on two 
miles of the North Branch of the Ay 
Sable upstream from Lovells. A flock of 
nine birds was observed on the Saginay 
River, near Bay City. 

The winter of 1937-38 was a “nor. 
mal” winter with an abundance of fish 
ducks on only a few trout streams, 
rather than on all of the major trout 
waters as in 1933-34. By the end of 
February, we had learned of large con- 
centrations only on the Platte, Pere 
Marquette, and Little Manistee rivers, 
and on the Tittabawassee River near 
Midland. On December 29 and 30, 
1937, two flocks of American Mergan- 
sers, one of thirteen birds and the other 
of eight, were seen on three miles of the 
lower Saginaw River. Several small 
flocks were noted at various points 
along Saginaw Bay from the mouth of 
the Au Gres River to that of the Tawas 
River. 

Feeding Habits. On the inland waters 
of Michigan the American Merganser 
is usually found in small flocks, gen- 
erally of fewer than twelve individuals. 
Unless flocks are broken up by dis- 
turbance, solitary birds are the excep- 
tion. Occasionally a juvenile is found 
alone. Feeding groups encountered had 
two or three adult males and ten or 80 
females and the similar appearing first- 
year males. Even when unusual ¢li- 
matic conditions force great numbers of 
these birds onto the limited open waters 
of the upstream reaches of the larger 
rivers, this individual flock organiza- 
tion seems to persist to a degree. 

This species is essentially a daylight 
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feeder, and rarely loiters on its feeding 
grounds. Field observations indicate 
that there is a rather definite feeding 
period in the morning from daylight to 
10:30 or 11:00 a.m., and another in the 
afternoon from 2:30 or 3:00 P.M. to 
dusk. The stage of digestion of stomach 
contents and relative fullness of stom- 
achs and gullets of the sixty-five mer- 
gansers for which the exact time of 
collection was recorded substantiate 
these field observations. Between the 
two periods of greatest feeding activity, 
there is a mid-day siesta which the 
birds usually spend on the open wa- 
ters of rather large lakes, if any are 
within flight range of the feeding 
grounds. Otherwise a quiet, protected, 
lagoon-like section of the feeding stream 
is utilized. Similar rest areas are pre- 
ferred also at night. 

The American Mergansers appar- 
ently prefer to feed in the shallower 
parts of large waters, as has been ob- 
served in British Columbia by Munro 
and Clemens (1937). In Michigan these 
waters are the lower reaches or mouths 
of rivers tributary to the Great Lakes 
and the bays of these lakes. When such 
waters freeze over in the trout-stream 
country, the birds move upstream onto 
the middle reaches, as previously re- 
lated. These middle reaches are highly 
productive of trout, as shown by the 
studies of Greeley, Tarzwell, Shetter, 
and others. Stretches from 40 to 150 
feet in width and from one and one-half 
to six feet in depth, with an average or 
slow-moving current, seem most at- 
tractive to the fish ducks. The stream- 
side cover of these favored stretches is 
largely composed of alders with aspen 
clumps in the background. 

It should be noted, in this connec- 


tion, that the upper reaches of most 
trout streams are seldom visited by 
mergansers. This is probably due to the 
greater density of stream-side cover 
and the reduced width and depth of the 
water in these areas. Here, also, the 
canopy usually extends far out from the 
banks and often forms a complete over- 
head cover. Our observations indicate 
that the feeding activities of the Ameri- 
can Mergansers on the headwaters are 
largely confined to beaver ponds, rear- 
ing ponds, or similar areas where dam- 
ming has destroyed the protecting 
cover and has deepened the water. 
Furthermore, these mergansers fre- 
quently nest on secluded, headwater 
beaver ponds. 

On the large rivers of southern Michi- 
gan, water courses with dimensions 
comparable to those of the lower 
reaches of many northern trout streams 
are frequented by American Mergan- 
sers. The stream-side cover on such 
waters is usually composed of narrow, 
river-side woods or of open groves, al- 
ternating with stretches of bushy marsh 
in which the emergent vegetation is 
sufficiently high to screen the birds. 
Where such stream-side cover is not 
available or where the birds are mo- 
lested, they resort to areas where the 
increased width of the river, in addition 
to the open view of the country, appear 
to afford satisfactory security. The 
American Merganser is an extremely 
wary species, more sensitive to the 
presence of man than either the Red- 
breasted or Hooded Merganser. Unless 
carefully stalked and surprised, it 
flushes before the hunter esis within 
effective range. 

During the winter of 1933-34, stud- 
ies on the feeding performance of the 
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species were made at close range on the 
Huron River, in Washtenaw County, 
Michigan (Plate 5-A). A thick stand of 
willows with a high fringe of cattails at 
the river’s edge afforded perfect con- 
cealment to the observer. A male and 
three females were observed on several 
successive late afternoons while feeding 
in six feet of water within fifteen to 
twenty feet of the shore, in a long, slow- 
flowing section of the river. Individuals 
began the act of feeding by submerging 
the head and slowly swimming fifteen 
to twenty-five feet downstream. Appar- 
ently on sighting the prey, a quick dive 
was made without much disturbance of 
the surface and without withdrawing 
the head from the water. The birds re- 
mained under water ten to twenty sec- 
onds, infrequently as long as thirty 
seconds, once for approximately forty- 
five seconds. Their underwater move- 
ments could be followed by the swim- 
ming wake, but no air bubbles were 
seen until shortly before the birds re- 
turned to the surface. The divers gen- 
erally reappeared within one hundred 
feet from the point of submergence. 
These and similar observations by 
White (1937) indicate that the mer- 
gansers feed by sight and actively pur- 
sue their prey under water. 

The heads of the larger fish, which 
were already in the bird’s gullet upon 
its return to the surface, were speedily 
swallowed during a few convulsive 
shakes of the bird’s head in a forward 
and then upward movement. Some dif- 
ficulty was observed in swallowing 
larger fishes, not unlike that observed 
by Coldwell (1939) who noted that 
medium- and large-sized eels were 
sometimes laboriously engorged. Smaller 
fishes, crayfishes, and frogs were pre- 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 4, No. 2, Aprit 1940 


sumably swallowed under water. 
full-plumaged male of this flock on ¢ 
Huron River was successful in captur. 
ing a fish about once in every three af. 
tempts. 

Feeding activities by individual birds. 
were pursued actively for about fifteen. 
minutes. They then rested or swam, 
slowly about, preening their plumagg 
and warily watching their surroundingg” 
Soon, however, feeding was resumed: 
for a similar period, without evident 
slackening in intensity. 

In very shallow water, where the 
merganser can reach bottom with par= 
tial or only slight submergence of the 
body, it feeds by probing under the 
larger pebbles, rocks, submerged sticks, 
logs, and other cover. This is especialh 
true on trout waters under two feet im) 
depth, where the rapid current greatly 
reduces visibility. Again, when the en- 
tire stream freezes except at riffles, the: 
mergansers have been observed 
stand in the water with America 
Golden-eyes and Black Ducks and t@ 
feed upon crayfishes, small fishes, and” 
other aquatic organisms. 

At times, American Mergansers lit 
erally gorge themselves with fish. Often 
during collecting operations a bird wag 
flushed with its gullet so full that th 
tail of the last-eaten fish protruded sews 
eral inches from the bird’s mouth. Sue 
heavily laden fish ducks are unable t@ 
rise more than a few feet above th 
water and only with the greatest effort 
can fly around the nearest river bend) 
It was while making such frantic flights) 
of a few yards only, that an Americal 
Merganser with a 14}-inch, 15-oune? 
brown trout in its gullet was shot @ 
the North Branch of the Au Sable Rivet 
(Plate 5-B). Coldwell (1939) reported 
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finding from one to three eels mostly 
ranging from ten to twenty inches in 
length in the stomachs of these birds. 
The largest eel that he found was 
twenty-two inches long. 

It was observed that the repeated 
formation of anchor ice on such streams 
as the North Branch of the Au Sable 
greatly impeded fishing by mergansers, 
and served to break up and disperse 
dangerous concentrations of these birds 
here in the winter of 1933-34. The roily 
water produced by the final spring 
thaw, which normally raises the streams 
to the flood stage in a brief time, short- 
ens the duration of merganser activity 
on trout waters. The period when mer- 
gansers can use the streams is extended 
approximately two weeks when the con- 
tinued cold of such severe winters as 
that of 1933-34 delays and graduates 
the thaw so that full flood conditions 
are not suddenly reached. In both the 
Upper and Lower peninsulas, freezing 
completely protects a number of trout 
waters from merganser depredations. 
Such rivers as the Sturgeon, Pigeon, 
and Black freeze over early and gen- 
erally remain covered with ice through- 
out the period when merganser concen- 
trations might occur. 

Daily food consumption. The Ameri- 
can Merganser, as has been indicated, 
feeds actively most of the day. The low 
temperature of the bird’s winter habitat 
in Michigan, coupled with the strain of 
its strenuous existence, presumably re- 
quires a heavy consumption of food. In 
determining the economic significance 
of this bird, it seems necessary to esti- 
mate the quantity of food consumed 
daily. 

Field observations, checked by actual 
measurement of the volume of food 


found in merganser gullets and stom- 
achs, demonstrate that either organ 
appears full when it contains 150 ce. or 
more of food. The term “fullness,” of 
course, must be used as a relative term 
when applied to the gullet or stomach 
of any fish-eating bird. For example, we 
have found that a merganser stomach 
appears to be filled when it holds five 
three- to five-inch rock bass or forty 
three-inch lake emerald shiners. A filled 
gullet may contain one or two nine- to 
fourteen-inch trout. Thirty stomachs 
were at least slightly distended by an 
average of half a pound (227 cc.) of 
food. The largest volume for one stom- 
ach was 598 cc., and more individuals 
contained over 200 cc. than between 
150 and 200 cc. On the basis of the 
records we estimate that the average 
stomach would contain about six-tenths 
of a pound (250 cc.). However, in the 
discussion that follows, a minimum 
average content of one-half :pound is 
employed. White (1936) has previously 
recorded collecting mergansers that 
contained more than half a pound of 
fish and has considered this amount as 
less than the total daily consumption 
per individual. 

With one-half pound representing an 
average minimum feeding, one mergan- 
ser with its two feeding periods in a day 
would consume a pound of food. Such 
an estimate is conservative as mortally- 
wounded mergansers often disgorge 
some of their food. As a result, some 
of the gullets and stomachs examined 
did not retain the entire original con- 
tents. This circumstance, combined 
with our field observations of feeding 
activities and on the numbers and sizes 
of fish found intact in single stomachs, 
convinces us that one and one-half 
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pounds is closer to the actual daily food 
utilization than the one pound that we 
use in calculations. 

The average weight of 124 mergan- 
sers in which the adult and immature 
birds, as well as the sexes, were almost 
equally distributed, was two and eight- 
tenths pounds. It is consequently esti- 
mated that the American Merganser 
consumes one-third to one-half its body 
weight daily. This estimate is confirmed 
by the studies of White (1937), who 
found the food consumption of a cap- 
tive immature bird weighing two and 
one-half pounds to average approxi- 
mately one pound per day. 

Assuming an average daily food in- 
take of one pound per bird, the effects 
of even a moderate concentration of 
mergansers in trout waters are indi- 
cated as very important. Suppose that 
a flock of one hundred American Mer- 
gansers were to feed for two weeks on a 
section of the famous North Branch of 
the Au Sable during a prolonged frozen 
period, as they did during the winter 
of 1933-34, our food studies show that 
they would daily capture five hundred 
trout or seven thousand in the fort- 
night. These trout would average a 
little under six inches in length. Thirty- 
six per cent, twenty-five hundred of 
them, would probably be legal trout 
averaging over nine inches in length. 
This is a large estimate, but one which 
according to our data is well within the 
range of possibility under the condi- 
tions stated. 

Such depredations by the American 
Merganser may account in large part 
for the very small trout population 
found by Shetter (1937) in the North 
Branch of the Au Sable River in winter. 
During the winter of 1935-36, one of 


heavy merganser concentrations in in- 
land waters, this investigator found 
through repeated seinings that during 
February there were only one twenty- 
fifth as many trout in the stream as 
there were in January; and in March, 
fewer even than in February. The tak- 
ing of such small numbers of trout in 
February and March may have been 
due to movement downstream or to 
hibernation in unseined retreats along 
the shores, but in part, on the basis of 
our observations, could well be at- 
tributed to predation by mergansers, 
Shetter refers to mergansers as being 
frequent during this period, and news- 
paper records, as well as the propor- 
tionately large number of mergansers 
collected by the Conservation Depart- 
ment on the North Branch during Feb- 
ruary® and March, 1936, show that the 
number of mergansers was above nor- 
mal on this stream. The food of the 
birds collected at this time was largely 
trout, and one of the stomachs con- 
tained part of a trout jaw-tag (Leonard 
and Shetter, 1937). 

In conclusion, if the mergansers were 
not dispersed from the North Branch 
earlier than the two-month interval 
discussed, they could readily have 
caused serious depletion in the trout 
population here. Such are the known 
feeding habits and capacities of the 
species. 


Foop STupDIEs 


Collection of materials. The speci- 
mens used in the food analyses were 
collected by ourselves (about 25 per 


5 Although January was a mild month, 
with prevailing temperatures above freez- 
ing, February was one of almost unbroken 
low temperatures varying from 0° to —25°F. 
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cent) and by employees of the Michi- 
gan Department of Conservation (about 
75 per cent). Those who cooperated in 
the collecting are to be commended not 
alone for their aid but also for following 
these suggestions: 

(1) Recover bird as quickly as possi- 
ble after it is brought down and pre- 
serve any food that may have been dis- 
gorged. 

(2) Plug throat of bird at once with a 
wad of cotton or grass in order to insure 
against loss of gullet material. 

(3) Record on a label exact location 
where bird was collected as well as time 
of day, and attach label to bird. 

(4) Refrigerate or freeze bird as 
quickly as possible and ship whole to 
University Museums, Ann Arbor. 

As a result, accurate and complete 
data are generally available, losses of 
food materials by regurgitation, pro- 
longed digestion, and decomposition 
were reduced to a minimum, and a 
large series of skins for plumage studies 
has become available at the Univer- 
sity Museums. 

Laboratory methods. The laboratory 
methods used in the analysis of stom- 
ach and gullet contents were designed 
to afford precise quantitative and quali- 
tative data. All calculations on percent- 
age composition of food are based on 
actual measured volumes of individual 
items. The numbers of each food organ- 
ism represent the direct count of whole 
individuals or of characteristic rem- 
nants; numbers when in doubt are 
minima. To secure the fullest ecological 
significance of the data obtained, the 
determinations of food items were made 
to species whenever practicable. All 
fishes occurring whole were measured 
for total length; and the sizes of par- 


tially digested fishes were carefully esti- 
mated by matching remains with cor- 
responding parts of skeletons or whole 
specimens of the same species. 

Food items present in amounts less 
than 0.1 per cent of the contents of a 
stomach or gullet were recorded as 
traces. 

Like Munro and Clemens (1937) we 
considered smaller insect nymphs and 
larvae as remains of the food of fishes 
ingested. Large, solitary insects or 
masses of larger insect larvae were 
thought to be taken by the birds, how- 
ever, and were thus recorded. 

The gravel in the stomachs was, of 
course, not considered as a part of the 
food. Most mergansers contain 0.5 to 
12 cc. of gravel varying from 0.5 to 
9 mm. in diameter. Fragments of sticks, 
dead leaves, and other non-food ma- 
terials, and traces of vegetation taken 
incidentally to feeding activities, were 
not included in the quantitative de- 
terminations. 

Amount and classification of material. 
Analyses of 13,209 cc. of food from 315 
American Mergansers and an unascer- 
tained volume of food from twenty in- 
dividuals (U. S. Bureau of Biological 
Survey) collected in Michigan were 
used as a basis for this study.® 

The various waters from which our 
material was obtained are grouped into 
the following ecological types, discussed 
in the order given: (1) Great Lakes 
bays, and river-mouth lakes; (2) trout 


* Records for twenty birds are from the 
files of the U. S. Bureau of Biological Survey; 
106 from those of the Institute for Fisheries 
Research that were reported on in part by 
Leonard and Shetter (1937). The numbers 
of birds here given do not include the rela- 
tively few that contained no food. 
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Map 1 


DISTRIBUTION OF AMERICAN MERGANSERS 
STUDIED FOR FOOD IN MICHIGAN 
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TABLE 1 


WINTER FOOD OF THE AMERICAN MERGANSER ON GREAT LAK 
AND RIVER-MOUTH LAKES AKES BAYS 


Based on thirty-four individuals containing 373.6 cc. of food not including the unascertained volume of food in 
U. 8. Biological Survey) specimens from Saginaw Bay and one from Lake Leelanau.) 


i 
six ( 











Region (and number of birds) 
































West Arm : 
Food item Saginaw | Manistee | Grand Lake Lake Total a amne 
Bay Lake Tecate Charlevoix} Leelanau by of oc- 
ay volume | currence 
(7) (19) (6) (1) (1) (34) (%) (%) 
ia tara ; J Beat aes 
Percs (Perca flavescens) = = 34 4 2 40 20.4 20.6 
Bass or SUNFISHES* 1 - - - a 1 0.4 2:9 
Lake Herrine (Leucichthys 
sp.)* 3 * . - 3 2.9 2.9 
ForaGE FisHEes 
Cyprinidae* P . aed 14 - _ _ 14 as Sa 
Notropis a. atherinoides - 360 3 - x 363 a pe 
Etheostomatinae* 5 - a * = 5 . a 
Hadropterus maculatus _ 11 - a ia ie 11 ie a 
Percina caprodes semifasciata 4 - ~ a ae 4 a ee 
Boleosoma nigrum | 13 ~ - va S 13 - it 
Catonotus f. flabellaris 1 - a ny ta 1 if ~ 
Total 36 374 3 - - 411 46.0 70.6 
UnweENTIFIED F'isHest zx r z - oe ae 20.3 35.3 
CRAYFISHES 
Cambarus sp.* 5 1 - - ” = ™ 
Cambarus virilis 42 ~ - ia i 42 a a 
Lass ol 1 - - ~ 48 8.5 20.6 
InsEcTS 
Neuroptera nymphs* Many - - a - es ™ - 
Anisoptera nymphs* 2 - - - - a ~ ea 
Total = = - - = - 1.6 8.7 





* Not identified more specifically. 

t The letter z denotes the presence of unidentified fish remains for which numbers of individuals were indeterminable. 
streams of the northern part of the cate the usual diet for this type of 
Lower Peninsula; (3) inland lakes and water. 
ponds; (4) larger rivers in the southern Although yellow perch and lake her- 
part of the State; (5) miscellaneous ring appear in the food in some num- 
quasi-trout and non-trout streams; and bers, the abundance of lake emerald 
(6) hatchery ponds. (Map 1). shiners (Notropis a. atherinoides) and 
several species of darters (Etheostoma- 
asnnnannieeis gamen tinae) in this type of water area renders 

it doubtful that the American Mergan- 

As stated previously, these waters ser has any appreciable effect on sport 
around the margin of the northern half or commercial fisheries of the Great 
of the State are visited by large num- 
bers of migrant mergansers. In response 
to average weather conditions, migrat- rine pence iy pect poe < 
: ° . e e e in ugui n ? ’ 
poor aie thngp htc = Charity Islands in the open lake near the 

’ pene- mouth of Saginaw Bay. Their food was 
trating into the trout-water sections of analyzed by W. L. McAtee. One other speci- 
the tributary streams. The food of men (U. S. Biological Survey Number 


thirty-four individuals’ (Table 1) indi- 155788) was collected from Lake Leelanau 
and its food was analyzed by Remington 


"Six of these (U. S. Biological Survey Kellogg. 
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Lakes. The immense areas of the Great 
Lakes and connecting waters so spread 
mergansers that the fishery can hardly 
be affected very adversely by their 
feeding even during periods of max- 
imum numbers. 


TROUT STREAMS 


Boardman River. Two opportune se- 
ries of specimens from the length of this 
river and the West Arm of Grand 
Traverse Bay near the river’s mouth, 
in Grand Traverse and Kalkaska coun- 
ties, enable us to make a case study of 
several important theoretical and prac- 
tical aspects of predation on fishes by 
the American Merganser. The food of 
one series, thirteen specimens collected 
in 1920, was analyzed by Remington 
Kellogg and W. L. McAtee of the 
Bureau of Biological Survey® (Table 2). 

Another series, of thirty-five birds, 

®U. §8. Biological Survey Numbers 


155515, 155538, 155540—-41, 155543, 155546- 
47, 155550, 164423-27. 


was collected from 1933 through 1936, 
and studied by the investigators jp 
Michigan. Results of food studies on six 
birds from the West Arm of Grand 
Traverse Bay are given in Table 1. The 
results for the lower Boardman River 
(Table 3), and the middle Boardman 
River (Table 4) are considered sepa- 
rately, and are combined and compared 
in Table 2 with the analyses for the 
collection of 1920. 

The thirteen birds collected on this 
river in 1920 for the U. 8S. Biological 
Survey are a random sample of indi- 
viduals from the whole stream. In a 
general way, the data on the food of ap- 
proximately fourteen years earlier con- 
firms our more recent findings for the 
river taken as a whole (Table 2). The 
agreement in the figures for the yellow 
perch and forage organisms is note- 
worthy. In contrast, the decline of 
trout and the increase of bass (Microp- 
terus d. dolomieu and Ambloplites rupes- 
tris) should be noted. This difference 


TABLE 2 


WINTER FOOD OF THE AMERICAN MERGANSER 
ON THE BOARDMAN RIVER 





13 Birds Collected in 1920. | 35 Birds Collected from 1933 


Analyzed by U.S. Biological | 


to 1936. Analyzed by Authors 




















: 
| 
Survey* | and by Leonard and Shetterf 
Food item | —— - —---—| -—_—— 
| Composition | Frequency of | Composition | Frequency of 
| by volume occurrence by volume occurrence 
(%) (%) (%) (%) 
Trout 86.0 76.9 57.0 45.7 
Perch 4.8 ej 5.0 8.6 
Bass - - 29.3 «I 
Forage fishes 3.2 15.4 6.1 31.4 
Unidentified fishes Trace Fj Trace 14.3 
Crayfishes 5.9 30.8 a8 31.4 





* The food organisms identified in the thirteen birds collected in 1920 are: Salmo trutta, 5; 


Salmo gairdnerii irideus, 11; Salvelinus f. fontinalis, 1; Salmonidae, 2; Perca flavescens, 3; 


Catostomidae, 1; Cottus sp., 1; Cambarus virilis, 7; Cambarus propinquus, 2; a trace of 
insects and unidentified fish in one stomach each. 

+t The food organisms identified in the thirty-five birds more recently collected are given 
specifically as to numbers and kinds in Tables 1, 9, and 15. 
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may be due to an uneven distribution 
of the birds in the two series over the 
length of the stream, but may indicate 
a tendency toward a change of the river 
from trout, into bass, water. 

The food of birds collected in the 
West Arm of Grand Traverse Bay 
(Table 1), like that already cited for 
mergansers from Saginaw Bay and 
Manistee Lake, is undoubtedly more or 
less typical of the forage of the majority 
of migrating or wintering individuals 
that habitually frequent these and com- 
parable waters. With some additions, 
the fishes eaten would represent the 
dominant species present in this type of 
water area at the season. It seems 
highly probable that a large number of 
samples taken throughout the winter 
would not significantly alter the results. 

When the waters of Grand Traverse 
Bay become frozen over and are thus 
eliminated as feeding grounds for the 
American Merganser, large numbers of 
the birds move into the mouths and 
lower reaches of the tributary streams, 
particularly the Boardman River, which 
is by far the largest affluent. In its lower 
reaches, here roughly considered as ex- 
tending to a region about five and one- 
half miles south from the mouth, this 
river is much deeper in proportion to 
its width than it is farther upstream. 
The current in the lower stretch is mod- 
erate to sluggish (imperceptible in 
Boardman Lake at Traverse City) and 
there is a greater extent of mud bot- 
tom than of sand and gravel. The banks 
are less well defined than in the middle 
reaches, and marginal marshy areas are 
frequent. The birds from this area avail- 
able for food study (Table 3) were taken 
during the winter of 1933-34, when 
Grand Traverse Bay was frozen over. 


In various significant respects they pre- 
sent a different picture from that fur- 
nished by specimens collected on the 
Bay. 

TABLE 3 


WINTER FOOD OF THE AMERICAN 
MERGANSER ON THE LOWER 
REACHES OF THE BOARDMAN 
RIVER 


(Based on twenty individuals containing 
1,172.9 ec. of food. The food items are listed 
more specifically in Chart I and Table 15.) 


Composition Frequency of 


Food item by volume occurrence 

%) (%) 
Trout 18.1 10.0 
Perch 9.9 15.0 
Bass 57.8 25.0 
Forage fishes 0.1 40.0 
Unidentified fishes 0.2 15.0 
Mud puppies Trace 10.0 
Shrews Trace 10.0 
Crayfishes 4.2 45.0 


The data on which Table 3 is based 
demonstrate a preponderance in fre- 
quency of occurrence of forage organ- 
isms (forage fishes, crayfishes, and mud 
puppies—75 per cent) over game fishes 
(45 per cent). The percentage composi- 
tion by volume, however, is far greater 
for game fishes than for other food or- 
ganisms. This difference in volume is 
due to the larger average size of the 
game fishes. The several species of game 
fishes present in the lower Boardman 
River appear not only to be buffered by 
the abundant forage organisms but also 
to have a buffer action one upon the 
other. At periods when the freezing of 
these lower reaches forces the feeding 
birds upstream onto the trout-inhabited 
sections of the river, the depredations 
assume greater practical significance 
since the dominant game-fish species 
there are trout (Table 4). 

Upstream from approximately five 
and one-half miles south of its mouth 
and up the South Branch to its head- 
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waters, the Boardman River may be 
considered as a trout stream of average 
productivity. Studies of the fish popula- 
tion and of the bottom fauna by staff 
members of the Institute for Fisheries 
Research, on several sections of the 
North Branch, confirm the impression 
that, in general, this large, middle sec- 
tion of the Boardman has a potential 
capacity for trout below that of com- 
parable areas of such better Michigan 
trout streams as the Platte, Pere 
Marquette, Little Manistee, Au Sable, 
and Pine rivers. Progressing upstream, 
this section of the main river and the 
South Branch is characterized first by 
increasing current, then by passage 
through a cedar-swamp, finally by well- 
defined banks averaging four to five 
feet in height. These banks are sandy, 
and are markedly eroded in some areas. 
Short riffles alternate with long, quiet 
pools, but the bottom is predominantly 
of shifting sand with the productive 
areas largely restricted to narrow, silted 
strips along the banks. The river nar- 
rows rapidly upstream from the Kal- 
kaska County line and becomes a 
typical headwater trout stream above 
the series of beaver dams in Fife Lake 
State Forest (Plate 6-A). 

During average weather, few Ameri- 
can Mergansers occur on the middle 
reaches. The number of birds per mile, 
however, may increase to one hundred 
or more during the unusual conditions 
earlier discussed. It is quite possible 
that such concentrations may deplete 
the moderate trout population to a level 
from which recovery to average capac- 
ity may require several seasons. 

Most of the birds whose food was 
analyzed were obtained during the per- 
sistent cold weather of the early months 


of 1934 (Table 4). They were collected 
on all parts of the middle reaches of the 
river, but predominantly from the 
South Branch just below the series of 
beaver dams on the main river and just 
above “‘the Slights” north of Mayfield, 


TABLE 4 


WINTER FOOD OF THE AMERICAN 
MERGANSER ON THE MIDDIE 
REACHES OF THE BOARDMAN 
RIVER 


(Based on fifteen individuals containing 
1,170.5 cc. of food. The food items are listed 
more specifically in Chart I and Table 9.) 


Composition Frequency of 


Food item by volume occurrence 
(%) (%) 
Trout 95.9 93.3 
Other game fishes 0.7 13.3 
Forage fishes 3.2 20.0 
Unidentitied fishes Trace 13.3 
Crayfishes Trace 13.3 


The preponderance of trout in this 
food sample may not prove the numer- 
cal dominance of salmonids in this 
habitat. From quantitative studies of 
fish populations in comparable waters 
of the North Branch of the Boardman 
River, during the summer of 1937, 
Shetter and Hazzard (1939) calculated 
the number of trout per mile as 203.67, 
with a weight of 3.73 pounds, and the 
number of forage organisms (Catostomus 
c.commersonit, Cottus spp., Rhinichthys 
atratulus meleagris, Semotilus a. atroma- 
culatus, and Cambarus spp.) as 6,207.63, 
with a poundage of 10.5. There is some 
evidence that trout are proportionately 
more numerous in the South Branch 
where most of the birds were shot, but 
even there we must assume that the for- 
age fishes outnumber and outweigh the 
trout. Barring effects of winter migra- 
tions of either game or forage species, 
the populations in winter may be taken 
to approximate those of summer. The 
complete dominance by weight of trout 
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in the winter food of mergansers, being 
inverse to the ratio of trout to other 
organisms in a comparable section of 
stream as found by these investigators, 
leads directly to the conclusion that the 
American Merganser has definite predi- 
lections for the larger fishes. This con- 
clusion is confirmed by the data for the 
West Arm of Grand Traverse Bay and 
the lower river, as presented in Chart I. 

In Chart I are shown the determined 
food organisms of the American Mer- 
ganser arranged in order of their ap- 
proximate succession from the river 
mouth to the headwaters, and the ap- 
proximate range of eac : indicated food 
species, genus, or family through the 
river, as determined by the Michigan 
fish surveys. The selection of large 
fishes is most apparent in the Bay and 
in the middle reaches, least so in the 
lower river. The situation in the lower 
river is somewhat obscured by the 
probable greater abundance of buffer 
organisms relative to game fishes and 
by the large size of some of the buffers 
in this area, e.g., Necturus m. maculosus 
and Semotilus a. atromaculatus. 

On the basis of these facts, it seems 
clear that trout populations will as 
times be greatly reduced by the dep- 
redations of the American Merganser, 
unless effective protection can be af- 
forded. The data for the Boardman 
River region illustrate the circum- 
stances that give promise to the method 
of control proposed in this paper. This 
procedure will be taken up in detail 
later; suffice it to say here that the 
main idea is to force the fish ducks to 
feed in the lowest stretches of open wa- 
ter of trout streams, or to disperse them 
from a small area on one stream to sev- 
eral areas on many streams. In the 


lower reaches, the trout are relatively 
much less abundant, being replaced by 
forage fishes, coarse fishes, and less 
prized game fishes. 

Platte River. This river in Benzie 
County, which may be considered a 
trout stream for its entire length, emp- 
ties into Big Platte Lake about five 
miles from the nearest point on the 
Lake Michigan shore. As a result of its 
proximity to Lake Michigan, the lake 
is frequented by birds that find their 
way up the stream when the lake 
freezes. From all the evidence afforded 
by field observations, records of fish 
collections, and the lengthy list of food 
items found in the mergansers collected 
from a long stretch of the river, the 
Platte is an extremely rich stream. This 
faunal richness is further evidenced by 
the occurrence of relatively large num- 
bers of other fish-eating animals, such 
as water snakes, Kingfishers, or Great 
Blue Herons per unit of length. 

The average width of the Platte Riv- 
er is between thirty and fifty feet. 
Depths range from a few inches in the 
riffles to four feet or more in the numer- 
ous pools of relatively quiet water. Well- 
forested banks alternate with stream- 
side meadows. Bottoms of sand and 
gravel characterize the sections having 
swift currents and the deeper pools are 
floored with mucky clay. 

The seventy specimens used for food 
study from this river constitute the 
largest series that has been available 
to us (Table 5). Three factors explain 
the large number of birds taken on this 
river: (1) the proximity of this short 
stream, in its entirety, to Lake Michi- 
gan; (2) unusual diligence and interest 
on the part of the local conservation of- 
ficer who made most of the collections; 
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and (3) the easier hunting afforded by 
the high banks and good cover in sev- 


eral places. 


TABLE 5 
WINTER FOOD OF THE AMERICAN 
MERGANSER ON THE PLATTE RIVER 


(Based on seventy individuals containing 
2,337.5 ec. of food. The food items are listed 
more specifically in Table 9.) 


Composition Frequency of 


Food item by volume occurrence 

(%) (%) 
Trout 82.5 78.5 
Other game fishes 0.6 ee 
Forage fishes fae 31.4 
Unidentified fishes 2.4 21.4 
Crayfishes «a § 22.8 
Miscellaneous* 3.6 4.7 


*Includes a mass of Salmonidae and 
Cambarus not separated at time of analysis, 
1 psychid larva in case, 1 anisopteran nymph, 
and 1 adult giant water bug (Lethocerus 
americanus). 


Assuming an equal effect of digestion 
on trout and forage fishes, and judging 
from the volumes and numbers given, 
the average size (5.2 inches) of the 201 
trout taken is evidently much greater 
than the average size of the 547 forage 
fishes. It is considered highly significant 
that the large numbers and variety of 
buffer forage organisms present in this 
stream do not serve materially to re- 
duce the predation on trout. 

Au Sable River. The upper Au Sable 
River with its North and South 
Branches is of great value to the sports- 
men. According to Shetter (1937: 82- 
83) the North Branch of the Au Sable, 
for the most part, is wide, has a slow 
current, and flows through a jack-pine 
plain (Plate 6-B). From Lovells to Dam 
2, about twelve miles by road, “the 
stream varies in width from 45 to 140 
feet... and has no natural pools ex- 
ceeding a depth of five feet. The bot- 
tom... varies with the fall of the riv- 


er.... The slower portions tend to be 
sandy...’ and “...in the shoreward 
portions of such stretches the bottom is 
usually black muck covered with de- 
tritus. In the swifter portions the bot- 
tom is usually of gravel... .” Below 
Lovells, deep pools occur at curves and 
are interspersed by riffles. Thirty spe- 
cies of fishes are recorded from the 
North Branch of the Au Sable and there 
is every reason to expect that the spe- 
cies list for the main river is as high or 
higher, while that of the South Branch 
is probably lower; it is more character- 
istically a trout stream for its whole 
length. There are swifter and deeper 
sections in the North Branch as one 
goes downstream from Lovells to the 
mouth. 

The main river above the mouth of 
the North Branch is also in a jack-pine 
plain, and resembles the North Branch 
in a general way, except that it is char- 
acterized by more curves. 

The South Branch of the Au Sable 
flows through several stretches of hard- 
wood river swamp in its lower reaches. 
The greater part of the stream ranges 
from fifty to one hundred feet wide. Its 
average depth is perhaps two feet, with 
deeper holes at curves. The current is 
moderate to rapid and the general bot- 
tom types are similar to those of the 
North Branch. 

Owing to the small number of speci- 
mens available from each, the sum- 
maries of the food of birds collected on 
the streams just described has been 
grouped in Table 6. 

As in the other trout streams, trout 
not only constitute by far the greatest 
portion of the total volume of food con- 
sumed by the mergansers in the Au 
Sable system, but are also by far the 
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most frequently taken item. Although 
no actual data are on hand regarding 
the numbers of forage organisms in the 
stream, their total number is doubtless 
higher than that of trout. However, the 
forage animals are not sufficiently nu- 


TABLE 6 


WINTER FOOD OF THE AMERICAN 

MERGANSER ON THE MIDDLE 

REACHES OF THE NORTH BRANCH, 

SOUTH BRANCH, AND MAIN STREAM 
OF THE AU SABLE RIVER 


(Based on twenty-three individuals con- 
taining 2,094.2 cc. of food. The food items are 
listed more specifically in Table 9.) 


Composition Frequency of 


Food item by volume occurrence 
(%) (%) 
Trout 97.1 82.6 
Forage fishes i 17.4 
Unidentified fishes Trace 4.3 
Frogs 0.6 8.6 
Crayfishes 0.9 21.7 


merous, or their sizes are not large 
enough, for them to assume significance 
as buffers. In these streams the exces- 
sive vulnerability of the trout to preda- 
tion by the American Merganser may 
be attributed in large part to the lack 
of good wintering holes for the fish, and 
to concentrations of trout under the ice 
which frequently forms over the heavy 
marginal beds of weeds in certain areas. 
Seining of such weed beds, after break- 
ing away encrusting ice, resulted in ex- 
cellent catches of trout although re- 
peated seinings in normal summer 
haunts yielded none. During the high 
concentrations of birds previously de- 
scribed for ihis region, mergansers have 
been observed feeding at the edge of the 
ice that covers these weed beds. 

Pere Marquette River. This river is 
undoubtedly one of the most produc- 
tive trout streams in the State. In its 
middle reaches, where the width of the 


stream averages between sixty and one 
hundred feet, the current is rapid and 
the numerous shallow riffles with gra. 
vel bottom are interspersed with deep 
but wadeable pools. Many of thege 
pools end in deep holes with excellent 
cover and good hiding places for fishes, 

In the lower, deeper part of the mid- 
dle section, the current is moderate, 
and clay bottom largely replaces the 
gravel of the upstream parts. The cur- 
rent becomes sluggish, and high, erod- 
ing banks of sand appear. Farther 
downstream, the river passes into the 
hardwood swamps of the lower reaches, 
The current becomes very slow in a 
wide, deep bed with a soft bottom. 

A series of eleven specimens collected 
from this river on the middle reaches 
near Baldwin, Lake County, provides 
the information given in Table 7. 


TABLE 7 


WINTER FOOD OF THE AMERICAN 
MERGANSER ON THE PERE 
MARQUETTE RIVER 


(Based on eleven individuals containing 
216.5 cc. of food. The food items are listed 
more specifically in Table 9.) 


Composition Frequency of 


Food item by volume _ occurrence 
%) (%) 
Trout 63.2 63.6 
Forage fishes 13.3 63.6 
Unidentified fishes 12.5 45.4 
Crayfishes 10.4 18.2 


The dominance of trout in the food of 
of the fish ducks on trout streams is 
again indicated. As compared with the 
results for other trout waters, a slight 
increase in the percentage composition 
and a considerable increase in the per- 
centage frequency of forage fishes are 
to be noted. 

Miscellaneous Trout Streams. Owing 
to the fact that series of American Mer- 
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ganser specimens were small for twelve 
other important trout streams, analyses 
of their food have been grouped (Table 
8). The number of mergansers studied 
for food from each and the names of the 
streams follow: 

One specimen: Little Manistee River, 
Lake County; Pine River, Wexford 
County; Rainey River, Presque Isle 
County; West Branch Cedar River, 
Clare County. 

Two specimens: Manistee River, 
Crawford County; White River, Ne- 
waygo County. 

Three specimens: Baldwin Creek, 
Lake County; Middle Branch River, 
Osceola County. 

Four specimens: East Branch Big 
Creek, Oscoda County; Hudson Creek, 
Roscommon County. 

Five specimens: Jordan River, Char- 
levoix and Antrim counties. 

Six specimens: Betsie River, Benzie 
County. 

TABLE 8 


WINTER FOOD OF THE AMERICAN 
MERGANSER ON MISCELLANEOUS 
TROUT STREAMS 


(Based on thirty-three individuals con- 
ing 1,475.5 ec. of food. The food items are 
listed more specifically in Table 9.) 


Composition Frequency of 


Food item by volume occurrence 

(%) (%) 
Trout 80.5 63.6 
Bass and sunfish 2.0 6.1 
Forage fishes 9.8 30.3 
Unidentified fishes 2.6 18.2 
Frogs ae 6.1 
Crayfishes 3.0 30.3 


Fifty-seven trout were taken by the 
thirty-three birds considered in Table 
8, an average of 1.7 trout per bird, with 
an average total length of 5.6 inches. 
Of the trout taken, 76.8 per cent were 
under legal size (seven inches), and 
averaged 4.3 inches long; the remain- 


der averaged 10.0 inches in length. 

Scattered occurrence of Centrarchi- 
dae in the food o: mergansers on trout 
streams may frequently be due to the 
proximity of tributary lakes. It is not 
unusual for bass and sunfish to wander 
from lakes into trout streains. 

It is noteworthy that the study of 
this random sample of one to six in- 
dividuals from each of twelve trout 
streams has given results so nearly 
identical with the estimates derived 
from the more extensive series of birds 
from such trout streams as the Board- 
man and the Platte. The consistency of 
the results, even for the small samples, 
indicates the adequacy of the number 
of birds used in our food study for any 
stream or group of streams. 

Summary for trout waters. In Table 
9 are given details and a summary of 
the numbers and kinds of fishes and 
other organisms in the winter food of 
the American Merganser on _ trout 
streams, as in Table 1 for marginal wa- 
ters and in Table 15 for quasi-trout and 
non-trout waters. With few exceptions, 
such as the small-mouthed bass and 
lake herring, and perhaps a few addi- 
tions, the list is representative of the 
larger aquatic fauna of Michigan trout 
streams. Further discussion of the data 
in Table 9 is given near the end of this 
report in connection with the interpre- 
tation of the material in Table 18. The 
species listed as “game fishes” in Table 
9, as elsewhere in this paper, are subject 
to some qualification, since pan fishes 
and some coarse fishes are included in 
this major category purely for conven- 
ience. Similarly, some fishes of com- 
mercial significance such as lake herring 
and large suckers have been listed as 
“forage fishes.” 





S 

































































206 JOURNAL oF WILDLIFE MANAGEMENT, VoL. 4, No. 2, Apri 1940 } 
TABLE 9 
NUMBERS OF EACH ITEM IN THE WINTER FOOD OF THE AMERICAN and 
MERGANSER ON TROUT WATERS legal 
Region (and number of birds) es ie Sabli 
Middle | North | South | Pere | Miscel- | Total 10.4 
Food item Board- Platte | Branch | AuSable| Branch Mar- laneous 
man River | AuSable} River | AuSable; quette | trout large 
River | River River River | streams oi 
(15) | (70) | (7) (7) (9) (11) | (83) (152) serie 
Trout E> 
Salmo trutta 13 10 4 5 18 - 13 63 : 
Salmo gairdnerii irideus 1 56 2 - - - 3 62 gan: 
Salvelinus f. fontinalis 4 13 2 6 - 8 14 47 ] 
Salmonidae* 9 122 8 5 - 20 27 191 the 
Total 27 201 16 16 18 28 57 363 nati 
Oruer GAME FISHES to n 
Esox lucius 1 - - o - = - 1 
Perca flavescens - 6 = - - = - 6 of ti 
Centrarchidae* 2 2 - - - - - 4 
Micropterus d. dolomieu - 3 - - - - ~ 3 para 
Lepomis gibbosus - - - - - - 5 5 
Ambloplites rupestris - - - - - - 1 1 ages 
Total 3 11 - - - ~ 6 20 ousl: 
Forace FIsHES . ; reca 
etromyzonidae* - - - - - - 
Leucichthys artedi - 2 - - - - - 2 num 
Catostomidae* 2 - - - - - 1 3 r 
Catostomus c. commersonii - 10 - - 2 - 1 13 were 
Moxostoma sp.* - - - - - - 1 1 Pl t 
Cyprinidae* 1 425 3 - - - 8 437 a 
Rhinichthys atratulus meleagris - 14 = - - - 2 16 ‘ 
Semotilus a. atromaculatus 1 4 1 - - 2 - 8 cons 
Notropis cornutus - 1 - - - = - 1 th 
Notropis heterodon - 67 - - - - - 67 e. 
Notropis deliciosus stramineus 1 _ - = - - ~ 1 
Hyborhynchus notatus - 12 ~ - - ~ - 12 
Umbra limi ~ 4 ~ - - - - 4 
Etheostomatinae* - - - - 1 1 - 2 
Hadropterus maculatus - - - = - 1 1 It 
— caprodes semifasciata - 3 - - - : ry ; 
Sottus sp.* - 1 - - - 
Cottus b. bairdii 2 4 - - - - - 6 Am 
Cottus cognatus _ - - - ~ - 1 1 l ke 
Eucalia inconstans - 1 - - -- ~ - 1 a 
Total 7 549 4 - 3 11 16 590 this 
UNIDENTIFIED FisHEst s r - x - E 3 zx Zz wer 
F RoaGs bird 
Rana sp.* _ - - 1 1 - - 1 : 
Rana clamitans - - ~ - - 1 sept 
Total = _ 1 1 = 2 4 0 
CRAYFISHES 
Cambarus sp.* 2 13 3 1 1 1 11 32 Lak 
Cambarus virilis - 4 - - - - - 4 nea 
Cambarus propinquus - 3 ~ - - 5 - 8 
Total 2 20 3 1 1 6 11 44 Ani 
errs side 
* Not identified more specifically. ’ p ; ‘ aig 
t The letter z denotes the presence of unidentified fish remains for which numbers of individuals were indeterminable. Vic] 
7 
The 152 mergansers collected on tions of length made on 357 of these ton 
trout waters contained remains of at trout give an average of 5.8 inches. Of tag 
least 363 trout (based on the minimum these, 241 were sub-legal (under seven pins 
number of individuals positively iden- inches in total length) averaging 4.5 I 
tified), an average of approximately inches in length and eighty-six were Mi 
two and four-tenths per bird. Actual legal, averaging 9.4 inches. The small- Cr 
measurements or careful reconstruc- est trout taken were two inches long ] 











Foop oF THE AMERICAN MERGANSER IN Micuican—Salyer and Lagler 207 


and the largest, fifteen. Twenty-nine 
legal trout taken by birds on the Au 
Sable River and its branches averaged 
10.4 inches in length to constitute the 
largest average size for any of the major 
series studied. 

Excepting the relation of forage or- 
ganisms to trout in the food of birds on 
the Platte River, for which some expla- 
nation has been offered, it is significant 
to note how the numerical dominance 
of trout over other forage organisms 
parallels the consistently high percent- 
ages of volume and frequency previ- 
ously demonstrated. It should be 
recalled, however, that although larger 
numbers of forage organisms than trout 
were consumed by fish ducks on the 
Platte, these important game fishes 
constituted by far the greatest part of 
the food of the most individuals. 


INLAND LAKES 


It has already been indicated that 
American Mergansers frequent inland 
lakes and ponds. The food habits of 
this species on such waters (Table 10) 
were learned from a series of nineteen 
birds taken on seven lakes in widely 
separated parts of the State, as follows: 

One specimen each from: Foster 
Lake, Muskegon County; small pond 
near the Huron River in the vicinity of 
Ann Arbor, Washtenaw County; road- 
side pond near the Saginaw River in the 
vicinity of Saginaw, Saginaw County. 

Three specimens each from: Hough- 
ton Lake, Roscommon County; Por- 
tage Lake, Washtenaw and Livingston 
counties. 

Five specimens each from: Lake 
Michigamme, Marquette County; 
Crooked Lake, Barry County. 

Far-reaching conclusions on data 


from so diverse a group of waters is 
hardly possible. It must suffice to say 
that the preference for larger fishes, as 
earlier recognized for marginal waters 
and trout waters, seems again to be in- 
dicated. Further, the replacement of 
trout by other game fishes in the food 
may have greater significance here than 
in the lower Boardman River, for the 
replacing species on lakes and ponds ap- 
pear to be predominantly bluegills and 
small-mouthed bass as against rock 
bass in the river. That preferred game 
species dominate in the food of most 
mergansers on lakes and ponds may be 
a matter of some concern, depending on 
the condition and composition of the 
fish population in the waters affected. 
The protection which location and ice 
cover furnish these waters against the 
feeding activities of large concentra- 
tions of fish ducks, however, tends to 
minimize this concern. 


SOUTHERN RIVERS 


Huron River. This river (Plate 5-A), in 
Wayne, Washtenaw, and Livingston 
counties of southeastern Michigan, has 
considerable areas that are frequented 
by American Mergansers. Data on the 
nature and composition of wintering 
flocks on this stream have already been 
given (pp. 191-192). 

In the southern half of Washtenaw 
County and in Wayne County, there 
are several dams on the Huron River 
that impound rather large expanses of 
quiet water, with depths varying to 
twenty feet or more. These pools, when 
not frozen over, are a favored feeding 
place of the mergansers. Under average 
winter conditions, however, the ponds 
are frozen in mid-December. At such 
times the birds feed farther upstream, 
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in the northern half of Washtenaw 
County and in Livingston County. In 
these middle reaches there are lakes 


TABLE 10 


WINTER FOOD* OF THE AMERICAN 
MERGANSER ON INLAND LAKES 
AND PONDS 

(Based on nineteen individuals containing 
458.5 ec. of food. The food items are listed 
more specifically in Table 15.) 


Composition Frequency of 


Food item by volume occurrence 

(%) (%) 
Bass and sunfish 64.2 73.7 
Other game fishes 10.4 26.3 
Forage fishes 6.4 36.8 
Unidentified fishes 0.3 26.3 
Turtle 0.5 5.3 
Crayfishes 15.8 31.6 
Insects 2.3 15.8 


* The specimens from Lake Michigamme 
were collected on August 31 and September 
3 and 22; the one from the roadside pond, on 
May 16. All other specimens were taken in 
the winter. 


which, while open, are much used as 
resting places. Portage Lake, from 
which a sample of birds was taken (in- 
cluded in Table 10), is one of these. The 
birds studied for food on this river were 
collected from the six-mile stretches 
above and below this lake (Table 11). 


TABLE 11 


WINTER FOOD OF THE AMERICAN 
a HURON 


(Based on twenty-seven individuals con- 
taining 1,201.4 cc. of food. The food items 
are listed more specifically in Table 15.) 


Composition Frequency of 


Food item by volume occurrence 

(%) (%) 
Bass and sunfish 69.1 ees 
Bullheads 26.0 33.3 
Forage fishes 3.4 29.6 
Unidentified fishes Trace > ef 
Amphibians 1.3 14.8 
Insects Trace 7.4 
Crayfishes 0.3 11.1 


Numerous food items were consumed 
by the ducks on the Huron River (Ta- 


ble 15), as would be expected from the 
richness of the fauna of the rivers in the 
southern part of the State. The cop. 
firmatory and high percentages for 
composition by volume and for fre. 
quency of occurrence indicate that bass, 
sunfish, and bullheads constitute the 
most important food of the species on 
the Huron. The data here rather closely 
simulate those for the inland lakes and 
the apparent selection of food items of 
larger size is again manifested. 

It is significant to note that for many 
waters of the State, including the Hv- 
ron River, it is generally felt that a re- 
duction of the sunfish populations 
would benefit the more important game 
fishes of these waters. What the Ameri- 
can Merganser is doing in these in- 
stances to effect such reductions, then, 
may be interpreted as beneficial to the 
sport fishery. 

Kalamazoo River. Two samples of 
wintering mergansers from this tribu- 
tary of Lake Michigan are treated sep- 
arately (Table 12). One series, of eleven 
birds, was shot in Kalamazoo County, 
in the vicinity of Augusta and Gales- 
burg, where the stream is roughly sim- 
ilar to the middle stretches of the Hu- 
ron River. The other set, of thirteen 
birds, was coliected farther down- 
stream, in Allegan County, near Alle- 
gan, where the broad, deep, and fre- 
quently very sluggish river, with nu- 
merous curves and marginal marshes, 
is a favored spot for wintering flocks of 
fish ducks. 

The food of mergansers on the Kala- 
mazoo is unique in the large number 
and frequency of coarse and forage 
fishes it includes. The food consumed 
by birds on the reaches of the river in 
Kalamazoo County is predominated by 
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forage fishes of several species (Table 
15). Birds feeding on the river in Alle- 
gan County were eating large numbers 
of carp, which formed more than nine- 
tenths of their food. In both these 


TABLE 12 


WINTER FOOD OF THE AMERICAN 
MERGANSER Bt KALAMAZOO 


(Based on eleven individuals containing 
150.9 ec. of food, from Kalamazoo County, 
and on thirteen with 288.6 cc. of food, from 
Allegan County. The food items are listed 
more specifically in Table 15.) 


Composition Frequency of 


Food item by volume occurrence 
(%) (%) 
Kalamazoo County 
Bass and sunfish 14.6 36.4 
Bullheads 1.3 9.1 
Forage fishes 83.7 72.7 
Frogs 0.4 27.3 
Allegan County 
Bass and sunfish 3.0 23.1 
Pickerel Trace 23.1 
Carp 92.9 100.0 
Forage fishes 1.3 30.8 
Unidentified fishes 2.8 84.6 


series the average volume of food per 
bird was low. The large figures ob- 
tained for percentage by volume of 
forage and coarse fishes may be related 
to the small amount of food on which 
they are based. They may, however, be 
due to scarcity of food in these waters 
so that the filling of stomachs and gul- 
lets is not possible. 

In the Allegan County series, the 
average number of carp consumed by 
each bird is approximately twenty- 
four, ranging in size from four to six 
inches. Many of these carp were com- 
pletely digested except for the persist- 
ent gristly pad against which the 
pharyngeal teeth operate. Counts of the 
numbers of individuals eaten were 
made from these pads and it is perhaps 
for this reason that the total volume 


appears to be so incompatible with the 
large number of fishes involved. 


MISCELLANEOUS QUASI-TROUT 
AND NON-TROUT STREAMS 


A number of samples were collected 
to determine the food of the American 
Merganser in the quasi-trout and non- 
trout waters of Michigan. ‘“Quasi- 
trout” is a legal term used to denote 
certain lower reaches of rivers, where 
trout occur seasonally or as stragglers. 
The lower section of the Boardman 
River (see pp. 198-201) might have been 
included here; it is so given in the sum- 
mary (Table 15). 

Escanaba River. On September 15, 
1935, thirteen American Mergansers 
were collected from the lower Escanaba 
River (Township 41 N., Ranges 23 and 
24 W., Delta County), following reports 
that they were destroying trout which 
had been recently planted. The labora- 
tory analyses of the food (Table 13) 
demonstrated, as is often true, that the 


TABLE 13 


WINTER FOOD OF THE AMERICAN 
MERGANSER ON THE ESCANABA 
RIVER 

(Based on thirteen individuals containing 
542.0 cc. of food. The food items are listed 
more specifically in Table 15.) 


Composition Frequency of 


Food item by volume occurrence 

%) (%) 
Trout Trace 15.4 
Bass 26.9 53.8 
Forage fishes 43.4 46.2 
Unidentified fishes 29.7 46.2 
Cray fishes Trace 15.4 
Snails Trace 15.4 


charge of predation was based on very 
tenuous evidence. The mergansers had 
no apparent determinative effect on the 
survival of the planted trout. The or- 
ganisms found as food demonstrated 
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that an unsuitable habitat had been se- 
lected for stocking the trout. 

Small-mouthed bass, the dominant 
game species of the lower Escanaba 
River, are apparently somewhat vul- 
nerable to predation by the mergansers. 
Forage fishes, especially common suck- 
ers, however, seem to afford some pro- 
tection to the bass by the sizes and 
numbers in which they occur; they 
constitute the most important food 
item of the ducks on this part of the 
river. 

Miscellaneous non-trout _ streams. 
Data on the food of eighteen specimens 
collected on several streams in this cat- 
egory have been grouped together (Ta- 
ble 14). The number of birds from each 
and the names of these streams are as 
follows: 

One specimen: Mitchell Creek, near 
mouth, Grand Traverse County. 

Two specimens: Manistique River, 
near Manistique, Schoolcraft County. 

Three specimens: Van Etten Creek, 
Iosco County. 

Four specimens: Muskegon River, 
Newaygo County; Cedar River, Glad- 
win County; and Indian River, near 
Manistique, Schoolcraft County. 

The stream sections from which these 


TABLE 14 


WINTER FOOD OF THE AMERICAN 
MERGANSER ON MISCELLANEOUS 
NON-TROUT STREAMS 

(Based on eighteen individuals containing 
682.7 cc. of food. The food items are listed 
more specifically in Table 15.) 


Composition Frequency of 


Food item by volume occurrence 

(%) (%) 
Trout 8.3 3a 
Bass and sunfish 1.2 22.2 
Other game fishes 42.5 16.7 
Forage fishes 34.1 72.2 
Unidentified fishes 9.2 22.2 
Crayfishes 4.7 16.7 


birds were taken, furnish some trout 
fishing, but none are properly to be 
classed as trout waters. The trout listed 
in Table 14 comprised one twelve-inch 
brown trout from a fish-duck shot on 
the Muskegon River, below Croton, 
and one unidentified trout from a bird 
taken on Van Etten Creek. A pike four. 
teen inches long, found in one of the 
mergansers from the Manistique River, 
made up 41 of the 42.5 per cent compo- 
sition of ‘other game fishes” by volume 
as given in the table. 

The food of these specimens further 
demonstrates the innocuous nature of 
this bird on any wild waters other than 
the middle reaches of trout rivers 
and possibly a few important inland 
lakes. 

Summary for quasi-trout and non- 
trout waters. In Table 15, are given de- 
tails and summary of the numbers and 
kinds of fishes and other organisms in 
the winter food of the American Mer- 
ganser on inland lakes and ponds and 
on quasi-trout and non-trout streams. 
Similar data for marginal waters are 
given in Table 1 and for trout streams 
in Table 9. 

In the essentially non-trout waters, 
there is an apparent spreading of the 
predation pressure over several species 
of game fishes and many forage organ- 
isms. The greater abundance here of 
forage animals seemingly acts as a par- 
tial buffer against the destruction of 
valued game fishes. Whereas in trout 
waters, three species of trout furnish 
almost all of the food for mergansers, 
on non-trout waters the game fishes are 
not only generally of kinds of less im- 
portance to the angler, but non-game 
species make up a relatively larger por- 
tion of the food. 
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SPECIES LIST AND NUMBERS OF INDIVIDUAL FOOD ITEMS IN THE WINTER FOOD 
OF THE AMERICAN MERGANSER ON QUASI-TROUT AND NON-TROUT WATERS 










































































Region (and number of birds) 
| Lake | Miscel- | Miscel- 
Crooked; Michi- | laneous Lower | laneous 
Food item Lake, | gamme,} inland Kala- | Esca- | Board-| non- | Total 
Barry | Mar- lakes | Huron | mazoo | naba man trout 
County | quette and River | River | River | River | streams 
County | ponds 
(5) (5) (9) (27) (24) (13) (20) (18) | (121) 
OUT 
Talmonidac* Fs - = = = 2 1 1 4 
Salmo trutta ae ~ - = = - _ ~ 1 1 
Salmo gairdnerii irideus - ~ - a - - 4 - 4 
Total a = = - - 2 5 2 9 
ass and SUNFISH 
. Centrarchidae* , 4 1 4 5 4 - 1 2 21 
Micropterus d. dolomieu 3 9 = 1 1 24 2 - 40 
Lepomis cyanellus - - 1 1 - - - - 2 
Lepomis macrochirus 22 - 5 7 1 - - - 35 
Lepomis megalotis peltastes - - 1 2 ~ ~ - - 3 
Lepomis gibbosus | - - - 3 2 - - 1 6 
Ambloplites rupestris - - 3 24 - - 7 3 37 
Total 29 10 14 43 8 24 10 6 144 
Orger GAME FIsHES 
Ameiurus sp.* - - 2 1 ~ - - 2 5 
Ameiurus nebulosus - - ~ 1 - = - - 1 
Ameiurus natalis - ~ - 11 1 = - - 12 
Esox vermiculatus ~- - 1 - 3 ~ - - + 
Esox lucius - - - ~ - - = 1 1 
Perca flavescens - 9 - ~ - - 9 pa 18 
Total - 9 3 13 4 - 9 3 41 
Carp (Cyprinus carpio) = - - 316 i“ - o 316 
Forace FisHEs 
Catostomidae* - - - 1 - - 4 1 6 
Catostomus c. commersonii - - - - - 5 ~ - 5 
Hypentelium nigricans - - ~ - 1 ~ - 1 2 
Moxostoma sp.* - - - - - - oe 1 1 
Cyprinidae* 1 - 1 1 10 5 2 3 23 
Nocomis biguttatus ~ ~ ~ - = 1 ~ - 1 
Rhinichthys atratulus meleagris ~ - - = - 6 3 7 15 
Rhinichthys cataractae - - = - - ~ 1 1 
Semotilus a. atromaculatus - - 2 - 3 2 1 - = 
Notemigonus crysoleucas auratus ~ = - - 3 ~ - - 3 
Notropis sp.* - - 2 - - - - - 2 
Notropis cornutus - ~ | 1 8 3 - 1 14 
Notropis a. atherinoides ~ = - - - - .24 22 46 
Notropis rubellus - ~ 4 - - -— = - 4 
Hyborhynchus notatus 1 ~ - 2 1 - - 1 5 
Umbra limi - - - 2 “ si - 9 11 
Fundulus diaphanus menona ~ - ~ - - - - 3 3 
Percina caprodes semifasciata - - - - = - = 3 3 
Boleosoma nigrum - = 3 - 1 - - - 4 
Poecilichthys exilis 1 - = - - - - - 1 
Catonotus f. flabellaris - - - 13 - - - ~ 13 
Catonotus flabellaris lineolatus - - - - - 8 - - 8 
Cottus sp.* 1 - 2 1 ~ - | 1 6 
Cottus b. bairdii - - - 4 - - _ - 4 
Total 4 ~ 15 25 26 30 34 54 188 
UnentIFIED FisHEst - 3 1 1 z z x 4 ? 
AMPHIBIANS 
Necturus m. maculosus - - - 2 - ~ 2 - 4 
Rana sp.* - - = 1 a ia ie i 1 
Rana pipens - - - 1 ~ - - - 1 
Total - - - 4 - - 2 - 6 
CraYFIsHEs 
Cambarus sp.* ~ 2 - 1 - 2 7 2 14 
ambarus virilis - 9 3 1 - ~ 3 1 17 
ambarus propinquus - = - 1 = = - - 1 
Total 11 3 3 - 2 10 3 32 
MISCELLANEOUS . 
Tysemys picta marginata - - 1 - - - - - 
Soricidae* 4 . - - - _ - = 2 = 2 
Coleoptera (adults)* - - - 2 - - - ~ 2 
Dytiscidae (adults)* - - 6 - - - - - 6 
Trichoptera Gove, - - ; 1 - - - - 1 
hisoptera (n - - - =- - =- = 
Physa sp.* eat - - ~ - - 3 - = 3 
Total - - 8 3 - 3 2 ~ 16 





* Not identified more specifically. 


t The letter z denotes the presence of unidentified fish remains for which numbers of individuals were indeterminable. 
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HATCHERY PONDS 


Depredations by the American Mer- 
ganser at fish hatcheries and rearing 
stations can be very extensive, accord- 
ing to the following reports, which we 
regard as essentially correct, since we 
have confirmed them in personal inter- 
views with the individuals who made 
the original observations: 

“The state conservation depart- 
ment’s stock of 330 adult Montana 
grayling, on which the department 
based its hope of propagating this game 
fish at state hatcheries this year, was 
completely wiped out by a flock of fish 
ducks and gulls that made a mass at- 
tack on a pond at the Wolf Lake hatch- 
ery on the morning of February 10.... 
The grayling had been reared at the 
hatchery from eggs imported from 
Montana three years ago. Most of the 
fish hatched from the eggs imported at 
that time have been planted out, but 
the State was holding 330, ranging in 
length from ten to fourteen inches, as a 
breeding stock, intending to undertake 
a program of grayling propagation and 
planting. The fish were in a spring-fed 
pond across the road from the main 
hatchery building. The pond also held 
thirty-five albino brook trout, kept for 
display purposes, and more than one 
thousand ordinary brook trout.’’!° 

At the Weesh-Ko-Wong Trout 
Hatchery near Traverse City, ‘“The fish 
ducks descended on the hatchery in 
numbers, teeding in the pools of a small 
wild stream crossing the property, and 
... between three and four hundred 
trout, eight to ten inches long, were 


10 “State Loses Grayling to Hungry 
Birds,” Ann Arbor Daily News, February 
29, 1936. 


taken in a few nights.”"! These birds 
were doubtless forced from their more 
normal feeding grounds in Grand Tra. 
verse Bay by the unusually cold 
weather and freezing at the time. 

At the fish ponds of U. S. Beach, at 
Highland, Michigan, severe losses of 
bluegills, bait minnows, and large trout 
were attributed to the feeding activities 
of American Mergansers during the 
winter of 1935-36 (Beach, 1937). 

We have studied the food of fifteen 
American Mergansers taken at the fol- 
lowing fish hatcheries in Michigan: 
eleven from the Oden Hatchery, En- 
met County; two from the Marquette 
Hatchery, Marquette County; and two 
from Wolf Lake Hatchery, Van Buren 
County (Table 16). Trout only are 
reared at the Oden and Marquette 
stations; bass and sunfish, in addition 
to trout, are propagated at Wolf Lake, 
The birds collected at these establish- 


TABLE 16 


WINTER FOOD OF THE AMERICAN 
MERGANSER AT FISH 
HATCHERIES 
(Based on fifteen individuals, from three 
hatcheries, containing 1,056.1 cc. of food.) 


Number ~~ 
of indi- Compo- quency 


Food item viduals sition by § 

of each volume of prove 4 
jG 
Trout 284 92.7 79.9 
Bass and sunfish Many 4.3 13.3 
Forage fishes 73 0.3 60.0 
Unidentified fishes — Trace 6.7 
Frogs 1 2.6 6.7 


ments were shot on small, outdoor 
ponds or raceways with water averag- 
ing less than three feet in depth. 

The trout, bass, and most of the sun- 


11 “Fish Ducks Raid Traverse Streams,” 
Grand Rapids Press, April 7, 1934. 
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fishes were undoubtedly taken by the 
birds from the hatchery ponds. The 
forage fishes and some of the sunfishes, 
however, were very probably in the 
stomachs of the birds when they flew in, 
since these fishes were represented only 
by fragments of bones. The damage 
which mergansers can inflict on fishes 
at a hatchery in a short time is con- 
siderable. The likelihood of such an oc- 
currence, however, may be forestalled 
by screening ponds or using mechanical 
frightening devices as suggested by 
McAtee and Piper (1936), Cottam and 
Uhler (1937), and Lagler (1939). In fact 
since these birds are so wary and take 
alarm so easily, we believe that ordinary 
alertness on the part of hatchery per- 
sonnel may be all that is necessary for 
protection. 


OTHER SPECIES OF MERGANSERS 


Red-breasted Merganser. This species 
has been little studied by us, since its 
food habits and localities of concentra- 
tion suggest that it probably does not 
have any serious effect on the game fish 
supply. It winters regularly on open 
parts of Lake St. Clair, on the St. Clair 
and Detroit rivers, and on open waters 
of such large rivers in the southern part 
of the State as the Huron. In mild 
winters, it occurs casually as far north 
as the mouth of Saginaw Bay. Further- 
more, this bird, although wintering oc- 
casionally on the lakes of southern 
Michigan, is ‘Apparently rare in 
winter” (Van Tyne, 1938: 8). M. D. 
Pirnie reports to us that great numbers 
of Red-breasted Mergansers appear 
each spring on Lake Michigan in the 
vicinity of Benton Harbor and St. 
Joseph on the west side of the State and 
on Lake St. Clair, St. Clair River, Sagi- 


naw Bay, and Saginaw River on the 
east side. As Salyer has reported, the 
migration routes of this species in 
Michigan are “‘chiefly along the Great 
Lakes shores and bays, with occasional 
appearances inland” (1935: 5). Coarse 
fishes abound where it occurs. 

Cottam and Uhler (1937: 11) report 
the composition of the stomach con- 
tents of 130 Red-breasted Mergansers 
from various parts of the country as 
follows: 34.23 per cent coarse fishes, 
chiefly minnows, killifishes, and stickle- 
backs; 3 per cent carp and suckers; 
14.38 per cent valuable commercial 
species and popular game or pan fishes; 
25.08 per cent unidentified fragments of 
fish; and 23.31 per cent miscellaneous 
items. A detailed account of the food 
and habits of the Red-breasted Mer- 
ganser, chiefly in British Columbia, is 
given by Munro and Clemens (1939). 

Ten specimens which we had avail- 
able for study were taken at the follow- 
ing localities in Michigan: Saginaw 
Bay, near Bayport (December, 1929); 
Platte River, Benzie County (March, 
1930, and February, 1936); Park Lake, 
Clinton County (April, 1930); and 
Tawas River, at mouth, Iosco County 
(January, 1938). Of these ten speci- 
mens, eight contained food as follows: 
six of the birds had eaten game fishes 
(Perca flavescens or Lepomis macro- 
chirus); four contained forage fishes 
(Hyborhynchus notatus, Notropis cornu- 
tus frontalis, Nocomis biguttatus, Fundu- 
lus diaphanus, Poecilichthys exilis) ; one, 
a frog (Rana sp.); and two, small 
quantities of aquatic insect nymphs 
(Anisoptera, Ephemerida). 

Hooded Merganser. The Hooded Mer- 
ganser was likewise eliminated from in- 
tensive study since it is not abundant, 
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although widely distributed. Its habitat 
is almost identical with that of the 
Wood Duck, and it is least rare in the 
southern part of the State. Cottam and 
Uhler (zbid., pp. 16-17) have shown 
that this species has a diet composed of 
a smaller proportion of fishes than the 
two other merganser species. Of 138 
stomach contents, from several locali- 
ties in the United States, on which they 
report, fishes of little commercial or 
sporting value formed 24.48% of the 
diet; game or pan fishes and commer- 
cially valuable species, 15.18%; un- 
identified fragments of fishes, 4.17%; 
and miscellaneous items, mostly crus- 
taceans and aquatic insects, 56.17%. 

The ten specimens from Michigan 
which we had available for study were 
taken at the following localities: Huron 
River, Washtenaw County (February, 
1932); Middle Rouge River, Wayne 
County (December, 1928); Crooked 
Lake, Barry County (November, 1933); 
and Kalamazoo River, Kalamazoo 
County (March, 1934). The food of 
these ten birds is as follows: Small yel- 
low perch, sunfish, and bass in three 
stomachs; forage fishes (Cottus b. 
bairdii, Hyborhynchus notatus, and Poe- 
ctilichthys caeruleus) in two stomachs; 
crayfishes (Cambarus virilis and C. 
propinquus) in five stomachs; bottom 
insects in two stomachs; Rana sp. in one 
stomach; and one sprouting grain of 
wild rice. Nine specimens, collected in 
Michigan and reported on by Pirnie 
(1935) also contained mostly crayfishes; 
some dragonfly nymphs, remains of a 
few fishes, and a winter-bud of eel 
grass also were present. 

This species at times presumably 
consumes in addition to the hard- 
bodied crayfishes quantities of insects 


and seeds of aquatic plants, for it hag 
a thick-walled gizzard. 


METHODS OF CONTROLLING Depreps. 
TIONS BY MERGANSERS 


The Red-breasted and Hooded Mer. 
gansers are not of concern as fish predg. 
tors in Michigan because of their low 
numbers and the habitats in which they 
are found. As has been shown, however, 
there may be need for control of the 
American Merganser at fish hatcheries, 
on the middle reaches of trout streams, 
and possibly on some inland lakes. The 
methods that we have tried on the 
American Merganser may prove valu- 
able in controlling concentrations of the 
Red-breasted Merganser in other parts 
of its range, as on coastal salmon and 
trout streams. 

As previously mentioned, mechanical 
frightening or excluding devices and 
alertness on the part of personnel may 
reduce to insignificance the losses 
caused by mergansers at fish hatch- 
eries. 

On natural trout streams, ‘“mer- 
ganser drives” appear from our experi- 
ence to be the most practical method of 
control. We believe that drives should 
be initiated on important trout waters 
when the concentration of mergansers 
exceeds twenty-five birds per mile. 
When prolonged cold continues through 
February and March, the better trout 
rivers should be closely watched by field 
agents of the Conservation Depart- 
ment, so that drives may be undertaken 
as soon as the first heavy concentra- 
tions appear. Obviously the operations 
should be under the supervision o 
technically qualified individuals, able 
to identify the various species of ducks 
wintering in Michigan. Ability to differ- 


“ 





I 


entia 
eye f 
parti 
Fo: 
men, 
each | 
at op 
The 1 
ward 
effort 
over 
tered. 
inter\ 
tions, 
of bi 
enced 
quent 
No 
as to 
killed 
afew 
ing ef 
remai 
natur: 
great 
fords, 
the rin 
to gu 
during 
and e3 
field fe 
of Cor 
ticular 
mens 
two hi 
severa 
tion. F 
routin: 
taken 
might 
in the 
valuab 
tices. 
A pa 





t hag 


REDA- 


Mer- 
reda- 
r low 
| they 
rever, 
f the 
eries, 
pals, 
. The 
1 the 
valu- 
of the 
parts 
1 and 


unical 
; and 
| may 
losses 
atch- 


‘mer- 


xperi- 
od of 
hould 
raters 
nsers 
mile. 
rough 
trout 
y field 
»part- 
taken 
ontra- 
ations 
on of 
able 
ducks 
liffer- 





Foop oF THE AMERICAN MERGANSER IN MicuiGgan—Salyer and Lagler 215 


entiate the harmless American Golden- 
eye from the American Merganser is 
particularly important. 

For an effective drive, at least four 
men, working in pairs with one man on 
each stream bank, should take stations 
at opposite ends of the selected section. 
The two groups should then work to- 
ward each other, making no particular 
effort to stalk the birds, but shooting 
over the individuals or flocks encoun- 
tered. Two or three drives in a ten-day 
interval usually disperse the concentra- 
tions, although extremely large numbers 
of birds or employment of inexperi- 
enced workers may call for more fre- 
quent operations. 

No great apprehension need be felt 
as to the number of birds that may be 
killed even if it seems desirable to take 
a few individuals for the extra frighten- 
ing effect, which this may have on the 
remainder, or for study purposes. The 
natural wariness of the species, the 
great protection which its habitat af- 
fords, and the difficulty of travel along 
the river banks at this season, combine 
to guarantee a limited kill. In fact, 
during the two years when concerted 
and extensive drives were made by the 
field force of the Michigan Department 
of Conservation and during which par- 
ticular effort was made to obtain speci- 
mens for this investigation, less than 
two hundred birds were killed although 
several streams thus received protec- 
tion. P. L. Errington has suggested that 
routine analyses of the food of birds 
taken on drives over a period of years 

might indicate vulnerability trends 
in the fish populations and furnish 
valuable hints for management prac- 
tices, 

A patrol by boat is almost as effective 


as a drive on foot, but is practicable 
only on streams of considerable depth, 
such as the main Au Sable and the Pere 
Marquette rivers. This type of drive 
is particularly recommended where 
stretches of water fifteen to twenty 
miles or more long are to be worked. It 
is also very useful where concentrations 
occur along stretches with swampy 
banks, or when deep snow makes it im- 
possible to drive the birds effectively 
by walking on the banks. In boat drives 
it is desirable to have two or three 
boats, each capable of carrying two or 
more men. A boat should start down- 
stream from the head of the stretch to 
be patrolled, harrying the birds as de- 
scribed. At successive intervals of from 
one-half hour to one hour, the other 
boats should depart downstream, thus 
repeatedly disturbing the concentra- 
tions. 

Available evidence indicates that a 
series of drives affords marked protec- 
tion to trout. Wary and sensitive to 
molestation, the mergansers tend to 
leave areas where they are repeatedly 
disturbed. They sometimes move in 
smaller groups to several streams but 
also have been known to move in mass 
to the lowest open waters of the stream 
on which they are being driven. 

The data in Chart I and the discus- 
sion already given these data on pp. 199- 
201 demonstrate the nature of the pro- 
tection that may be afforded trout in the 
middle reaches when concentrations of 
mergansers are driven downstream 
onto lower reaches. As _ previously 
stated, predation pressure on lower 
reaches is considered generally less 
harmful than on trout waters since, on 
lower waters, it is diffused over several 
less important game species and over 
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other forage organisms of larger average 
size. 

From the viewpoint of protecting 
trout, American Mergansers should 
probably be left unmolested, or even 
encouraged to winter, on southern 
Michigan streams. The more birds that 
can be accommodated in this habitat 
the more limited will be the wintering 
concentrations in the trout country. 

We have tested no methods of dis- 
persing merganser concentrations from 
inland lakes. In general, such dispersal 
would hardly seem necessary for not 
only do concentrations seldom occur 
on lakes and ponds, but waters of this 
type in Michigan are generally covered 
with ice for the greater part of most 
winters. Should the situation arise, 
however, where some form of control is 
demanded to insure the best interests of 
the fish population, driving similar to 
that described for trout streams would 
probably be effective. 


Discussion 


In Table 17 are given summaries of 
the food data for the American Mer- 
ganser on four major types of waters in 
Michigan as here described: (1) margi- 
nal waters, which include Great Lakes 
bays and river-mouth lakes; (2) trout 
waters, which comprise trout streams 
proper and the middle reaches of larger 
northern rivers; (3) non-trout and 
quasi-trout waters, including southern 
rivers, miscellaneous non-trout streams, 
inland lakes, the lower reaches of 
larger northern rivers, and quasi-trout 
streams; and (4) hatchery ponds and 
raceways. 

In comparing the food items con- 
sumed on the various types of water, 
4 features stand out: (1) The impor- 


tance of forage fishes in the food of 
birds on marginal waters; (2) the great 
dominance of trout in the food of mer. 
gansers on trout streams and hatchery 
waters; (3) the apparent absence of any 
considerable buffer effect of forage 
fishes and other organisms againg 
predation on game fishes; and (4) the 
consumption of forage fishes and coarse 
fishes, which are often enemies or con. 
petitors of game fishes, and of preds. 
cious fishes. 

The large quantity of forage fishes 
taken by mergansers on the marginal 
waters, which the birds habitually fre. 
quent, establishes rather well the almost 
entire lack of significance of the birds 
for the management of such waters. 
The expanses of water in this habitat 
are so great that the small numbers of 
yellow perch or lake herring taken from 
them by mergansers are hardly a mat- 
ter for concern. 

The great dominance of game fishes 
in the food of American mergansers on 
trout and non-trout waters appears to 
be very incriminating. The real signif- 
cance of this dominance, however, is not 
learned from the figures in Table 17, 
but from their interpretation on the 
basis of the information given previ- 
ously in this report. Suffice it to say 
that the infrequent mass movements 0 
this merganser onto limited portions of 
trout streams do not justify its general 
condemnation. 

Similarly, the fact that only small 
flocks of fish ducks occur habitually on 
most inland non-trout waters, indicates 
that these birds do not seriously de 
plete game fishes in these waters. In ad- 
dition, as has been previously stated, 
there is some indication that certain of 
these inland waters have too malty 
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TaBLeE 17 


WINTER FOOD OF THE AMERICAN MERGANSER IN MICHIGAN 
(Based on 315 specimens containing 13,209 cc. of food and seven individuals (U. S. Biological Survey) containing 


an unascertained volume of food.) 









































oO amd ‘mand -eaamneamaneemmide 
| Composition by volume (%) Frequency of occurrence (%) 
: | Quasi- | Quasi- 
Food item | Marginal) Trout trout and Hatchery; Marginal} Trout , oe ot 
waters waters non-trout|; waters | waters waters (non-trout; waters 
| | waters | | | waters 
TROUT 
trutta - 43.6 1.2 - - 19.7 0.8 - 
come gairdnerii irideus - 10.7 4.7 - - 13.2 3.3 = 
Salvelinus f. fontinalis - 15.4 - 15.4 - 15.1 ~ 13.3 
Salmonidae* - 18.2 Trace 77.3 - 42.1 3.3 66.6 
Total - 87.9 6.0 92.7 - 76.3 0 79.9 
Orner GAME FIsHEs 
Ameiurus sp.* - - 0.6 - ~ - 4.1 ~ 
Ameiurus nebulosus - - 1.0 - - - 1.0 - 
Ameiurus natalis - - 6.0 - - - 6.6 - 
Esox vermiculatus - - 0.4 - - ~ 3.3 - 
Esox lucius - Trace 6.2 - - 1.3 0.8 ~ 
Perca flavescens 20.4 Trace 3.0 - 20.6 1.3 5.0 ~ 
Micropterus d. dolomieu ~ 0.2 11.2 ~ - 13 12.4 sin 
Lepomis cyanellus - - 0.2 as = - 1.7 a 
Lepomis macrochirus - - 4.2 - - - 7.4 - 
Lepomis megalotis peltastes - - 0.6 ~ - ~ & g - 
Lepomis gibbosus | - - 1.2 - - - 5.0 - 
Ambloplites rupestris - - 25.3 - - - 16.5 ~ 
Centrarchidae* 0.4 0.6 ey 4.3 2.9 3.3 16.5 13.3 
Total 20.8 0.8 61.4 4.3 23.5 3.3 58.7 13.3 
ForaGE FisHes 48.9 6.5 23.0 0.3 70.6 30.3 56.2 60.0 
UNIDENTIFIED FISHES 20.3 i 5.3 - 35.3 10.5 24.0 = 
AMPHIBIANS - 0.8 0.4 2.6 - 4.6 7.4 6.7 
CRAYFISHES 8.5 2.0 3.5 ~ 20.6 21.7 19.0 - 
MISCELLANEOUS 1.6 0.3 0.4 - 8.7 3.9 7.4 - 





* Not identified more specifically. 


game fishes, resulting in over-crowding. 
Since such over-crowding is held to pro- 
duce stunted fish, feeding activities by 
the American Merganser on _ these 
waters may, by reducing the over- 
crowding, aid in effecting a yield to the 
angler of fewer, but larger fishes. 

At fish hatcheries, where rearing 
ponds are usually kept from freezing 
by the inflow of spring water, it is only 
natural that fish ducks will come to 
feed. As for trout streams, the data for 
fish cultural establishments indicate 
the need, at times, for some form of con- 
trol as has also been suggested by 
Munro and Clemens (1937). 

Of the eight"? species of fish-eating 

“Great Blue Heron, Eastern Green 


Heron, Black-crowned Night Heron, Ameri- 
can Bittern, Hooded Merganser, American 


birds that we have studied in Michigan, 
the American Merganser appears to be 
unique in that its food includes a very 
low volume of organisms that might 
buffer game fishes. This feature, com- 
bined with the data already presented 
on sizes of food organisms consumed 
and their relative abundance in the 
habitats from which they were taken, 
seems to indicate a preference by the 
merganser for fish and other food items 
of the larger sizes. In most waters, but 
especially in trout streams, this prefer- 
ence has a direct bearing on the kinds 
of fishes taken for the fishes of larger 
average sizes are for the most part 
game species. 





Merganser, Red-breasted Merganser, East- 
ern Belted Kingfisher. 











218 JOURNAL OF WILDLIFE MANAGEMENT, VoL. 4, No. 2, Aprit 1940 


SUMMARY AND CONCLUSIONS 


(1) Areas of maximum autumn and 
spring concentrations for the American 
Merganser in Michigan are given as the 
Great Lakes bays, river-mouth lakes, 
and lower reaches of rivers in the north- 
ern half of the Lower Peninsula. 

(2) During cold and prolonged win- 
ters, when the usual areas of concentra- 
tion freeze over, large numbers of 
mergansers are forced onto inland 
waters, frequently trout streams. 

(3) High concentrations of fish ducks 
may occur on a few trout streams any 
winter, and on most trout streams some 
winters, but never on more than a small 
percentage of all the trout waters in the 
state. 

(4) On inland waters, wintering or 
migrating birds are usually found in 
small flocks, generally of fewer than 
twelve individuals. 

(5) Feeding is largely diurnal and by 
sight, with peaks of feeding activity 
occurring in the morning and late after- 
noon. 

(6) From one-third to one-half of the 
body weight is estimated as the average 
daily food consumption of wintering 
birds. 

(7) Feeding by occasional large con- 
centrations of American Mergansers on 
trout streams or on hatchery ponds are 
practically the only occasions for con- 
cern over this bird in relation to fish 
management in Michigan. 

(8) On trout streams, trout predomi- 
nate in the food and seem to be selected 
for size from among other, more abund- 
ant forage organisms with buffer po- 
tentialities. 

(9) The feeding habits of this species 
on non-trout waters are in general rela- 


tively innocuous or at times even bene. 
ficial. 

(10) The maintenance of a goo 
game-fish supply in the middle reaches 
of trout streams may require dispersal 
of unusual concentrations of mer. 
gansers. 

(11) “Merganser drives” are de. 
scribed as a means for controlling con. 
centrations of these birds on trout 
streams. 

(12) Mechanically exclusory or fright- 
ening devices, or alertness on the part 
of hatchery personnel, are regarded as 
adequate for protecting game fishes jn 
rearing ponds. 

(13) The Red-breasted and Hooded 
Mergansers are of little or no impor. 
tance to fish management in Michigan. 
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STUDIES ON A POPULATION CYCLE OF SNOWSHOE 
HARES ON THE LAKE ALEXANDER AREA! 


I. GROSS ANNUAL CENSUSES, 1932-1939 
R. G. Green? and C. A. Evans’ 


Periodic fluctuations in populations 
of wild mammals and birds have en- 
gaged man’s attention for centuries. 
The well-known tale of the Pied Piper 
has been said to be a mythical out- 
growth of the “lemming years” that 
occur periodically in Norway. The 
archives of the Hudson’s Bay Company 
have yielded substantial evidence of 
cyclic fluctuation in mammalian popu- 
lations in North America extending 
back more than a century. This phe- 
nomenon has been studied chiefly in 
the Northern Hemisphere, but it has 
been observed also in voles in the 
Southern Hemisphere (Hudson, 1918). 

The species of animals subject to 
these periodically recurring changes 
in abundance are remarkably varied. 
Snowshoe hares, field mice, ruffed 
grouse, lynxes, wolves, and even some 
kinds of fishes are recognized as being 
“‘eyclic species.”” The basic problem of 
population cycles is to be found among 
the resident plant-eating species. The 
snowshoe hare, the meadow mouse, and 
the ruffed grouse, which subsist largely 
on plant life, experience extreme 
changes from abundance to scarcity at 
regularly recurring intervals, in spite of 


1 From the Cooperative Wildlife Disease 
Investigation of the University of Minne- 
sota, the Minnesota Department of Conser- 
vation, and the Bureau of Biological Survey, 
U. S. Department of the Interior. 

2 Department of Bacteriology and Im- 
munology, University of Minnesota. 

3 Bureau of Biological Survey, U. S. 
Department of the Interior. 


an apparently more than adequate food 
supply. Evidence has been presented 
which indicates that changes in the 
population of predators lag a year or 
two behind fluctuations in the abun. 
dance of the animals that constitute 
their usual prey. That is, the cycles 
observed in carnivores are considered g 
secondary result of the changes in the 
population of herbivorous species. 

In our attack on the general problem 
of cyclic fluctuations in population, we 
have worked principally with the snow- 
shoe hare (Lepus americanus). This spe- 
cies, which goes through violent peri- 
odic fluctuations in abundance, was 
found to be suitable for the application 
of procedures necessary for adequate 
censusing and disease investigation. 


RELATION OF CENSUS STUDIES 
TO OTHER INVESTIGATIONS 


Preliminary observations were begun 
by the senior author in 1924 and in 
1927, an area near Lake Alexander in 
Morrison County, Minnesota, was se- 
lected for intensive study of snowshoe 
hares. Through the cooperation of the 
University of Minnesota, the Bureau of 
Biological Survey of the United States 
Department of Agriculture, and the 
Minnesota Department of Conserva- 
tion, the Minnesota Wildlife Disease 
Investigation was organized in 1931. 
This investigation, under the direction 
of the senior author, has carried on the 
research on population cycles. Begin- 
ing in July, 1933, further growth of the 
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work made it desirable to issue mimeo- 
graphed monthly reports in which data 
obtained in the investigation were as- 
sembled. The last regular report of this 
series was prepared in December, 1938, 
and marked the completion of the orig- 
inal program. It is expected that the 
investigation will be continued in the 
study of other species because of its 
importance both in the understanding 
of disease reservoirs and in the manage- 
ment of game species. 

The results obtained in various 
phases of the work of the Minnesota 
Wildlife Disease Investigation are now 
being presented in scientific journals. 
A series of papers on shock disease, the 
condition found to cause the death of 
hares during the recent period of 
decimation, has been published (Green 
and Larson, 1937, 1938, 1938a; Green, 
Mather, and Larson, 1938; Green, Lar- 
son, and Mather, 1938; and Green, 
Larson, and Bell, 1939); The present 
series of three papers will describe the 
population studies conducted on the 
Lake Alexander Area. The first article 
presents the results of the annual 
censuses, the second will deal prin- 
cipally with the age ratios and the sur- 
vival of hares on the area, and the 
third will give data relative to the re- 
production of hares. 


THe LAKE ALEXANDER AREA 


The Lake Alexander Area is located 
at the southern border of the Canadian 
Zone near the southern limit of the 
range of the snowshoe hare. The area 
is characterized by many hills inter- 
spersed with swamps, lowlands, and 
small lakes. The trees are principally 
deciduous, poplars, birches, willows, 
and maples being abundant; but there 
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are also a few small stands of ever- 
greens, chiefly white pine. Dense alder 
swamps are numerous in the lowlands, 
and during the summer, undergrowth 
is so thick that finding rabbits becomes 
extremely difficult. Except for a few 
grassy plots, the Lake Alexander Area 
provides an excellent habitat for the 
snowshoe hare. 

As special use was made of one part 
of the area, about one mile square near 
the laboratory, it was given the name 
‘‘Mile Area.” This tract, about 1.2 
square miles in extent, included Section 
34 and the adjacent row of forty-acre 
tracts in Section 3 (see Figure 1). 

Careful observation of the hare popu- 
lation on the area was begun in 1928 
and censusing was instituted in 1932. 
A progressive rise in population oc- 
curred during the five years from 1928 
through 1932, and was followed by a 
continuous decline from 1933 (as shown 
by the census for February, 1934) 
through 1938. 


TRAPPING AND BANDING METHODS 


Census data to be reported are based 
principally on trapping operations car- 
ried on from 1932 through 1939, during 
which time a total of more than 5,000 
hares were trapped and marked with 
numbered metal ear bands. The trap- 
ping season extended from October or 
November to April or May of the fol- 
lowing spring. Trapping and banding 
activities were discontinued during the 
warmer months of the year as hares 
will not then enter traps in appreciable 
numbers, probably because desirable 
food is abundant. 

A box trap with a tilting floor, de- 
signed by C. M. Aldous, of the Bureau 
of Biological Survey, was used in our 
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work. Sixty of these traps (thirty during 
the past two years) were kept in con- 
tinuous operation during the trapping 
season, except when blizzards pre- 
vented. The most satisfactory of the 
various baits tested consisted of small, 
tightly-tied bundles of alfalfa cut into 
four-inch lengths, dampened with 
water, and placed frozen in the traps. 

Small, monel metal ear bands, num- 
bered consecutively, were clipped, by 
means of special pliers, onto the rabbits’ 
ears. These bands make only a minute 
perforation, but hold throughout the 
rabbit’s entire life and cause no irrita- 
tion. For each rabbit trapped, careful 
records were kept that included the 
date, place of trapping, sex, and miscel- 
laneous observations. All trappings of 
a given rabbit were recorded in detail 
on a single card. In order to provide a 
means of recording the locations where 
hares were captured, the area was 
mapped, reference lines were cut, and 
182 markers were placed. The territory 
immediately adjacent to each marker 
was called a “‘trapping station.” 


DEFINITIONS OF TERMS USED 


The major part of the trapping sea- 
son, extending from early autumn well 
into the following spring, was called 
the “‘precensus trapping period”’ and 
was utilized to band as many new rab- 
bits as possible. The final two and one- 
half weeks of the trapping season were 
used to retrap the entire area and, ac- 
cordingly, this period was termed vari- 
ously the “‘census trapping period,’”’ the 
‘census retrap,” or the “‘census period.” 
It usually began early in April and 
continued until all of the stations on the 
area had been trapped equally. Each 
station was operated six trap-days by 


having, in a few instances (i.e., about 
five stations each year), six traps at the 
station for one day, or more often, 
three traps for two days. The hares 
banded for the first time during the cy. 
rent precensus period we referred to ag 
“new-banded hares.” In contradistine. 
tion, hares tagged prior to the current 
precensus period were termed “old. 
banded hares.” For example, a hare 
banded in December, 1933, was con- 
sidered a new-banded hare in any sub- 
sequent trapping through the census 
period ending in the spring of 1934, If 
this hare was trapped later, it was re- 
garded as an old-banded hare. 


ANNUAL CENSUSES, 1932-1939, 
INCLUSIVE 


In undertaking a systematic study 
of the cycle of the snowshoe hare and of 
the epizootiology of tularemia, plans 
were made for an annual determination 
of the hare population. At the time the 
investigation was begun, little work had 
been done on the problem of censusing 
wild animals. The funds available in 
the beginning also were not sufficient 
to carry on the trapping and banding 
operations considered essential. 

Many of the procedures put into 
effect during the summer of 1928, the 
first year of the investigation on the 
Lake Alexander Area, made it necessary 
for several individuals to spend much 
time in field work on the area. In- 
ability to begin a systematic census 
stimulated careful observation of the 
hare population. Notes were made on 
the number of hares seen, and estimates 
of the population were attempted for 
comparison with future more accurate 
censuses. 

As a result of this effort, it may be 
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stated that hares were not common on 
the Lake Alexander Area during 1928 
and 1929 and that their numbers in- 
ereased during the subsequent two 
years. Definite figures for the popula- 
tion of hares on the area were estab- 
lished in subsequent years and are pre- 
sented below with details of the pro- 
cedures: 

Census operations during 1931-32. Al- 
though preliminary trapping and band- 
ing operations were begun in the season 
of 1931-32, they were not pursued as a 
means of counting hares until the fol- 
lowing year. It was evident to those 
working in the field that hares were 
more numerous on the area in 1931-32 
than in previous years. In the spring of 
1932, a rough estimate of the hare 
population made by a strip-walking 
method yielded a figure of 275 hares to 
the square mile. The following spring, 
1933, the first census taken by trapping 
and banding procedures indicated that 
there were 478 hares to the square 
mile. General observation pointed to 
an increase in population in 1932-33 to 
almost double the population in the 
year previous. After careful consulta- 
tion among those working on the area, 
the figure 275 was, therefore, estab- 
lished as reasonable for the previous 
year in comparison with the greater 
abundance of rabbits apparent in 1933. 

Census operations during 1932-33, 
1983-34, and 1934-35. Trapping and 
banding of snowshoe hares on the Lake 
Alexander Area proceeded in essentially 
the same manner during the three 
years 1932-33, 1933-34, and 1934-35. 
All parts of the area were trapped at 
least once during the precensus period. 
As a rule, six traps were placed at each 
station for four to six days. Some sta- 


tions, particularly those on the Mile 
area, were trapped twice, once early 
and once late in the precensus period. 
In 1932-33, the first 121 stations were 
marked on the area. In order to cover 
the area more thoroughly, about fifty 
stations were added during 1933-34, 
most of these on the Mile Area. The 
census retrap was conducted as a rigor- 
ously uniform procedure. Three traps 
were set in each station for two days, 
with a few exceptions in which six traps 
were used for one day. In both in- 
stances, the station was operated for 
six trap-days. 

Method of calculating the population. 
Data from these trapping operations 
are given in Table 1. In 1932-33, 1,075 
hares were banded during the precensus 
period. Of these 127 died in the traps 
or were used in experiments before 
April 5, when the census retrap was 
begun. The remaining 948 new-banded 
hares were considered available for 
trapping in the census period. One 
hundred sixty-seven of the new-banded 
hares were caught in the census period; 
in addition, 254 other hares (18 old- 
banded and 236 previously unbanded) 
were taken. If we let X represent the 
number of hares present on the area 
but not banded during the precensus 
period, it follows that: 


948: X = 167:254. 


This is expressed in the equation: 


Hares banded in precensus period 





Other hares present in precensus period 


New-banded hares trapped in . 
census period 





~ Other hares trapped in census period 


Continuing the above calculations: 
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948X254 
=_——_—= 1,442 


948+ X =total population 
948+ 1,442 =2,390, total population. 


We believe that by this method we 
obtained a fairly accurate estimate of 
the population at the middle of the 
precensus period; i.e., about February 
Be 

Data and similar calculations for the 
succeeding two years are presented in 
Table 1. 


hundred seventy-five other hares, also 
were trapped during that time. Calcula. 
tions yielded a population figure of 
1,871 for the entire area, or 374 hares 
to the square mile. 

The following year 691 hares were 
banded in the precensus period; 105 
of these and 167 other hares were 
trapped in the census period. A total 
population figure of 1,707, or 356 hares 
to the square mile, was obtained by the 
usual calculations. 

The area covered during the census 


TABLE 1 
CENSUS DATA, LAKE ALEXANDER AREA, 1933 THROUGH 1935 














1932-33 1933-34 1934-35 
Precensus banding period Oct. 18- Nov. 17- Nov. 18- 
Apr. 4 Apr. 11 Apr. 11 
Census period Apr. 5- Apr. 12- Apr. 12- 
Apr. 22 Apr. 28 Apr. 29 
Area included, in square miles 5.0 5.0 4.8 
Number of stations 121 172 175 
Precensus trapping 
Number of hares banded in precensus period 1,075 901 691 
Deduction for trap deaths or known removal —127 — 25 — 32 
New-banded hares considered available for ——— aoe —. 
census retrapping 948 876 659 
Census trapping 
New-banded hares trapped 167 154 105 
Old-banded hares trapped 18 62 65 
Unbanded hares trapped +236 +113 +102 
254 175 167 
Calculations* 
948 167 876 154 659 105 
X =hares present but not banded in pre- — =— = —_— =— 
census period X 254 X 175 xX 167 
= 1,442 995 1,048 
Total population=X-+number of hares 
banded in precensus period 1,442 +948 995 +876 1 ,048 +659 
Total population 2,390 1,871 1,707 
Population to the square mile 478 374 356 





* Explained in text. 


Of the 901 hares tagged during the 
precensus period of 1933-34, 154 were 
retrapped in the census period. One 


was measured by counting each forty- 
acre tract (Fig. 1) in which a station 
was operated. The resulting figures of 
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Fig. 1. Map of the Lake Alexander Area. 


4.8 square miles, or 5 square miles, are 
obviously not precise measurements but 
probably represent satisfactory ap- 
proximations. 

Census operations during 1935-36. In 
the season of 1935-36, it was necessary 
to confine precensus trapping almost ex- 


clusively to the Mile Area. The small 
amount of trapping done on other parts 
of the area during the precensus period 
was disregarded in the calculations. 
The census retrap was conducted ex- 
actly as in previous years and was car- 
ried on simultaneously on the Mile Area 











226 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 4, No. 2, Aprin 1940 


and on the rest of the area. The popu- 
lation of snowshoe hares on the Mile 
Area, as determined by the usual 
method, was 376 (see Table 5). A total 
of 111 hares was taken on the entire 
area in the census period. Of these, 53 
were caught on the Mile Area. It fol- 
lows that the number of hares taken on 
the entire area divided by the number 
of hares caught on the Mile Area multi- 
plied by the population on the Mile 
Area provides an estimate of the popu- 
lation on the entire area. 


111 
Fa 376 = 787, the uncorrected popu- 


lation figure for the entire area. 


Because stations were relatively more 
numerous on the Mile Area than on the 
remainder of the tract, this method of 
calculation would be expected to yield 
a figure smaller than the actual popula- 
tion. In an attempt to determine the 
magnitude of the correction needed, 
data from the two preceding years were 
analyzed by the method employed in 
the calculations for 1935-1936 (i.e., 
data relative to precensus trapping off 
the Mile Area were omitted). The re- 
sulting figures were compared with 
those previously obtained by our usual 
method. 

The recalculation for the two years 
previous to 1935-36 yielded figures 
40 per cent and 28 per cent smaller 
than our standard figures. It would ap- 
pear that the figure for 1935-36 repre- 
sents only about # of the actual popula- 
tion. Hence, this figure is multiplied by 
$ to obtain a more nearly correct ap- 
proximation. Although it is much less 
accurate than the censuses for other 
years, this is the best figure available; 
and, inasmuch as it agrees with field 


observations and fits fairly wel] into 
the population curve determined more 
accurately for other years, it is cop. 
sidered acceptable in this investigation. 
Complete data and calculations for the 
census of 1935-36 are presented jp 
Table 2. 


TABLE 2 


CENSUS DATA, LAKE ALEXANDER 
AREA, 1935-36 


Precensus period (trapping limited 


to the Mile Area) Nov. 23- 
Apr. 9 
Census period Apr. 23- 
; ; May 10 

Area included, in square miles 4.8 


Population on the Mile Area (see 
Table 5) 376 
Census period 
Hares trapped on the Mile Area 53 


Hares trapped on the entire area 111 








: 53 376 
Calculations —=— 
lll X 
Let X =population on the entire 
Area (uncorrected) 787 
Corrective factor (explained in 
text) 787 X} 
Total population 1,180 
Population to the square mile 246 


Census operations during 1936-37. 
Trapping and banding methods in the 
1936-37 season were essentially the 
same as in preceding years (except in 
1935-36). All stations on the area were 
trapped twice during the precensus 
period and once (for six trap-days) dur- 
ing the census period. Because of the 
marked decrease in population and the 
correspondingly small number of hares 
on which to base calculations, it was 
deemed advisable to make a slight 
change in the method of handling the 
data. In previous years, relatively few 
old-banded hares were trapped during 
the precensus period, and they were 
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not included in the calculations. How- 
ever, in the precensus period of 1936- 
37, more than 25 per cent of all hares 
trapped were old-banded. Because, as a 
result of the declining population, the 
number of hares that could be trapped 
was markedly reduced, it was decided 
to include this group of 25 per cent in 
the calculations. These hares were 
added to those banded in the precensus 
period to make up the number “‘trapped 
in the precensus period and available 
for trapping in the census period.” As 
will be seen in Table 3, there were 280 
hares in this group; 20 of these were 
trapped in the census period (12 new- 
banded and 8 old-banded). In addition, 
34 hares that were not trapped in the 
precensus period were caught in the 
census period. Seven of the latter were 
old-banded, and 27 were unbanded 
when captured. Calculations were car- 
ried out on the same principle as in 
other years. 


Hares trapped in precensus period 





Other hares present in precensus period 


Hares trapped in precensus period 
and retrapped in census period 





~ Hares trapped in census period only 


280 20 
X 34 
34280 
Xu—__ = 476 


280+ X =total population 
280+476 = 756, total population 


For small populations this method is 
more accurate, because it increases the 
number of hares in the calculations and 
results in a more even distribution on 
the area of “hares trapped in the pre- 


census period.” This method could 
have been used in previous years, but, 
because populations were large, it was 


TABLE 3 


CENSUS DATA, LAKE ALEXANDER 
AREA, 1936-37 








Precensus banding period Nov. 13- 
Apr. 20 

Census period Apr. 21- 
May 11 

Area included, in square miles 5.0 


Number of stations 182 
Precensus trapping 
Number of hares banded in pre- 
census period 269 
Number of old-banded hares 


trapped in precensus period +101 


Total number of hares trapped 
in precensus period 370 
Deduction for trap deaths or 


known removal from Area — 90 
Hares trapped in precensus pe- 
riod and considered available 
for census retrapping 280 
Census trapping 
New-banded hares 12 


Old-banded hares that were also 
trapped in precensus period + 8 


Total hares trapped in census 


* and precensus periods 20 
Unbanded hares trapped 27 
Old-banded hares not trapped 

in precensus period + 7 


Total number of hares trapped 
in census period but not in 
precensus period 34 
Calculations 


Let X = number of hares present 280 20 
but not trapped in precensus —— =— 
period X 34 

X= 476 





Total population = X +number 
of hares banded in precensus 
period 756 





Population to the square mile 151 





unnecessary. Moreover, we have found, 
by recalculation of data by this method, 
that. only a small difference in the final 
figures would have resulted. 
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Census operations during 1937-38 and 
1938-39. The methods used in deter- 
mining the population of snowshoe 
hares on the Lake Alexander Area in 
1937-38 and in 1938-39 were essen- 
tially the same as those described 
for 1935-36. Precensus trapping was 
limited to the Mile Area. Census trap- 
ping proceeded simultaneously on the 
Mile Area and on the rest of the area, 
each station being operated for six 
trap-days. The results presented in 
Table 4 indicate a total population in 
1938 of 162 hares, or 32 to the square 
mile. 

TABLE 4 


CENSUS DATA, LAKE ALEXANDER 
AREA, 1937-38 AND 1938-39 














1937-38 1938-39 
Precensus period 
(trapping limited to Nov. 1— Nov. 1- 
the Mile Area) Mar. 25 Apr. 3 
Census period Apr. 1- Apr. 4 
Apr. 20 Apr. 24 
Area included, in 
square miles 5.0 5.0 
Population on the Mile 
Area (Table 5) 66 110 
Census period 
Hares trapped on 
the Mile Area 14 24 
Hares trapped on 
the entire area 23 53 
14 66 24 110 
Calculations —=-- —=— 
23 X 53 X 
Let X=population 
on the entire area 
(uncorrected) 108 243 
Corrective factor 
(explained in text) 108 X# 243 X ¥ 
Total population 162 364 
Population to the 
square mile 32 73 








The very small population figure of 
32 hares to the square mile on the Lake 
Alexander Area in 1938 indicated that 
the low point in the hare cycle had been 


reached that spring. During the {gj 
of 1938, it was the consensus of field 
observers that hares were more numer. 
ous than they had been in the preceding 
fall and that the destructive phase of 
the hare cycle had terminated. Trap- 
ping operations during the winter were 
more successful and indicated a larger 
population. Completion of the cengys 
in the spring of 1939 yielded the figure 
of 73 hares to the square mile (se 
Table 4). This number is more thap 
double that of the previous year and 
established the fact that the decline 
in hare populations beginning in 1933 
on the Lake Alexander Area definitely 
terminated in the spring of 1938. 


POPULATION STUDIES ON THE 
Mie AREA 


In order that essential serological 
studies might be carried on as part of 
the investigation of diseases of hares 
on the Lake Alexander Area, more in- 
tensive trapping was conducted on the 
Mile Area than on the remainder of the 
tract. Stations were relatively more 
numerous and were trapped both early 
and late in the precensus period, 
whereas stations on the other portions 
of the area were trapped only once (six 
traps were used for a period of five or 
six days, as a rule) during the precensus 
period. During 1935-36, 1937-38, and 
1938-39, precensus trapping was limited 
to the Mile Area. These circumstances 
introduced some error into the popula- 
tion figures for the area as a whole in 
recent years. However, they made 
possible a higher degree of accuracy for 
the Mile Area. 

Data and calculations pertaining to 
the population of hares on the Mile 
Area have been assembled in Table 5. 
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TaBLe 5 
CENSUS DATA AND CALCULATIONS FOR THE MILE AREA* 














; 1982-33 1933-34 
1, Number of hares banded in pre- 


1984-36 1936-386 1986-37 1987-88 1938-89 








census periodt ; 201 335 294 149 100t 47t 69t 
9, Number of above trapped in census 
peri . ieeaitc 99 65 21 9 10 15 
Jumber of hares trapped in census 
3. Nwtriod not in precensus period 72 80 78 32 9 4 9 
4, Calculations (explained in text) 
X =number of hares present on 201 37 335 99 294 65 149 21 100 9 47 10 69 15 
the area but not included —-=— —=— —=— -——=—- —=— snide anedaaaeas 
in 1 X 72 X 80 X 7% X 38 xX 9 X 4 X 9 
5. X= 391 271 353 227 100 19 41 
6. Total population = 201+391 335+271 2944353 149+227 100+100 47+19 69 +41 
7. Total population 592 606 647 376 200 66 110 
8. Population to the square mile 493 505 539 313 167 55 92 





* An area actually 1.2 square miles in extent, as explained in text. 
+ Deductions for known deaths or removal from the Area have been made. 
t These figures include old-banded hares, as well as new-banded hares, trapped in precensus period, as explained 


in text. 


The method of handling these data is 
analogous to that used for the entire 
Area in 1932-33, etc. In 1936-37, 
1937-38, and 1938-39, all hares taken 
in the precensus period (rather than 
just those banded at that time) were 
included in the calculations for the 
reasons explained in discussing the 
data pertaining to the census of hares 
on the entire area in 1936-37. 

Figure 2 presents graphically the 
changes in population on the Area as 
a whole and on the Mile Area alone. 
The population of hares on the Mile 
Area is proportionately greater than on 
the rest of the area. This situation 
would be anticipated from the fact that 
the Mile Area contains hardly an acre 
that is not excellent rabbit habitat, 
whereas the remainder of the area in- 
cludes lakes and some high, grassy 
plots not suitable for hares. 

From Figure 2 we see that the peak 
population of 478 hares to the square 
mile on the area as a whole was reached 
in 1933. A drop of about 20 per cent 
occurred in 1934, and in 1935 there was 
probably a further, slight reduction. 
The number of snowshoe hares did 


not decrease on the Mile Area but, on 
the contrary, appeared to increase 
slightly from 1933 to 1935. From 1935 
through 1938 (censuses give the popula- 
tion in February of each year) there was 


Snowshoe 
hares 
to the 
eq. mi. 
600 4 











1932 1933 1934 1935 1936 1937 1938 1939 


Fig. 2. Population of snowshoe hares. 
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a continuous, sharp decline on the Mile 
Area and on the entire area. The census 
for 1939 showed that hares were once 
more increasing in number and that 
the population had doubled since the 
low point in the cycle was reached in 
February, 1938. 


WINTER MORTALITY OF 
SNOWSHOE HARES 


We desired to determine the seasonal 
mortality of hares within the year, as 
well as the changes in population from 
year to year, as shown by the annual 
census. Because trapping was not 
feasible during the summer months, we 
were unable to follow closely the 
changes in population during that time. 
From the trapping and banding data 
obtained on the Lake Alexander Area, 
it has been possible to get a satis- 
factory estimate of the winter mortality 
during two years. 

Mortality on the Mile Area during the 
winter of 1985-36. Trapping operations 
were carried on at all stations on the 
Mile Area between November 23, 
1935, and January 15, 1936. If we con- 
sider these seven weeks as the pre- 
census period and determine the pro- 
portion of hares banded during this 
time that were also trapped in the cen- 
sus period (April 23 to May 10, 1936) 
we may calculate in the usual manner a 
figure for the population about Decem- 
ber 20 (i.e., the middle of the precensus 
period). 

166 hares were trapped from No- 
vember 23, 1935, to January 15, 
1936 
—22 of these died before the census 
~_- period 
144 hares considered available at 
the time of the census period 


16 of the above 144 hares were 
trapped during the cengys 
period 

37 other hares were trapped on the 
Mile Area during the cengys 
period 

Let X=hares present during the 
precensus period but not 
trapped at that time 


16 144 
a7 Xx 
37X144 
ru—_—_ 0 S98 
16 


144+-333 =477, population of hares 
on the Mile Area 
about December 20, 
1935 


Between January 15 and April 9, 
1936, trapping was again carried on at 
all stations on the Mile Area. By con- 
sidering this as the precensus period 
and determining the proportion of the 
hares trapped at this time that were 
again trapped in the census period, we 
may determine the population about 
February 26, the middle of this period. 


203 hares were trapped from January 
16 to April 9, 1936 
—47 of these died before the census 
period 
156 hares considered available at the 
time of the census period 


31 of the above 156 hares were 
trapped during the census period 
23 other hares were trapped on the 
Mile Area during the census 


period 
31 ye 156 
23 X 
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_ 223X156 
~ 


156+116=272, population of hares 
on the Mile Area 
about February 26, 
1936 

477 —272 =205, number of hares that 
died on the Mile 
Area from Decem- 
ber 20 to February 
26, not including 
hares that died in 
traps 

According to the above calculations, 
there were 477 snowshoe hares on the 
Mile Area in the latter part of Decem- 
ber. About ten weeks later, February 
26, 1936, the population had been re- 
duced to 272. In other words, 205 
rabbits, or 43 per cent of those present 
in December, had died. 

Mortality on the Lake Alexander Area 
during the winter of 1936-87. During 
the season of 1936-37, all stations on 
the Lake Alexander Area were trapped 
twice, once between November 12, 
1936, and February 12, 1937, and 
again between February 6 and April 17, 
1937. By considering each of the trap- 
ping periods as a separate precensus 
period, we can determine the popula- 
tion of hares on the Lake Alexander 
Area about January 1, 1937, the middle 
of the first precensus period, and about 
March 18, 1937, the middle of the 
second precensus period. 





Population about January 1, 1937 
231 hares were trapped in the first 
precensus period (November 
12, 1936—-February 12, 1937) 
—45 of these died or were used for 
experimental purposes before 
the census period 


186 hares considered available at 
the time of the census period 


11 of the above 186 hares were 
trapped during the census 
period 

44 other hares were trapped dur- 
ing the census period 


11 186 
44 X 
44X186 





X= =744 
11 


186+-744= 930, total population 


930 
i snowshoe hares to the 


square mile about Jan- 
uary 1, 1937 


Population about March 18, 1937 
173 hares were trapped in the 
second precensus period (Feb- 
ruary 6 to April 17, 1937) 
—55 of these died or were used for 
~ experimental purposes before 
the census period 
118 hares considered available at 
the time of the census period 


14 of the above 118 hares were 
trapped during the census 
period 

41 other hares were trapped dur- 
ing the census period 


14 118 
41 X 
41X118 





X= = 346 
14 


118+346 = 464, total population 


464 
—— =93 snowshoe hares to the square 


mile about March 18, 1937 
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The data and calculations presented 
above indicate that on the first of Jan- 
uary, 1937, there were about 186 snow- 
shoe hares to the square mile on the 
Lake Alexander Area. The number was 
reduced to approximately 93 by March 
18, 1937. In other words, a mortality 
of about 50 per cent occurred in this 
period of about ten weeks. 

The fact that the mortalities for two 
successive years check so closely (43 
per cent in one year and 50 per cent in 
the next) suggests that the data and 
calculations used were satisfactorily 
accurate. It should be borne in mind 
that shock disease was widespread 
among the rabbits on the Lake Alex- 
ander Area at this time and that the 
annual population figures show that 
hares were becoming increasingly scarce. 


PossIBLE ERRORS IN 
Crensus CALCULATIONS 


A. Migration of hares to and from the 
area. The census method employed on 
the Lake Alexander Area is valid only 
if the hares banded in the precensus 
period remain on some part of the area 
until the census retrap period is com- 
pleted. Extensive experience has shown 
that snowshoe hares live in a markedly 
restricted range, seldom traveling much 
more than one-eighth of a mile from 
the point where they were first trapped. 
As a rule, a rabbit trapped at one sta- 
tion is found at the same station or at 
an adjoining one, if taken again, even 
though a year or two has elapsed be- 
tween the two trappings. Consequently, 
the migration of hares to and from the 
area may be considered a negligible 
factor in regard to the accuracy of the 
annual census. 

B. The effect of unequal trapping 


on and off the Mile Area. In taking g 
census by the method used on the Lake 
Alexander Area, it is essential that 
trapping throughout the area be uni- 
form during the census retrap in the 
spring. Our strict adherence to the rule 
that each station be operated exactly 
six trap-days during the census period 
resulted in a high degree of uniformity 
at that time. Uniformity need not be so 
rigidly maintained during the pre- 
census period. In order to permit other 
essential studies to proceed simultane- 
ously with the trapping, certain dif- 
ferences in the trapping on the Mile 
Area and on the rest of the area were 
permitted during the precensus period. 


1. Beginning in the season of 1933- 
34, relatively more stations were 
located on the Mile Area than on 
the rest of the tract. On the Mile 
Area, consisting of 1.2 square 
miles, there were 69 stations; on 
the rest of the area, consisting 
of 3.8 square miles, 133 stations. 

2. During the precensus period, the 
stations on the Mile Area were, 
as a rule, trapped twice, each 
time by means of six traps used 
four to six days; whereas sta- 
tions off the Mile Area were 
trapped once. 


The error resulting from the two ir- 
regularities mentioned can be elin- 
inated if the data for the Mile Area 
and for the area exclusive of the Mile 
Area are analyzed separately. The pop- 
ulation of snowshoe hares on the Mile 
Area has been computed in preceding 
pages. The data for the two years, 
1933-34 and 1934-35, have been an- 
alyzed to determine the population of 
snowshoe hares on the Lake Alexander 
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TABLE 6 


SNOWSHOE HARE POPULATION ON THE LAKE ALEXANDER AREA 
EXCLUSIVE OF THE MILE AREA 

















1933-34 1934-35 
Precensus trapping on the area exclusive of the Mile Area 
Number of hares banded* 553 368 
Census trapping on the area exclusive of the Mile Area 
Number of above new-banded hares trapped 62 41 
Number of other hares trapped 97 92 
Calculations 
553 62 368 41 
X =hares present but not banded in precensus period =— —=— 
X 97 X 92 
X= 864 825 
Total population =X -+number of hares banded in pre- 
census period 864 +553 825 +368 
Total population 1,417 1,193 





* Deductions have been made for trap-deaths and for hares known to have been removed 


from the area. 


Area exclusive of the Mile Area (Table 
6). 
Figured directly, the population of 
snowshoe hares on the area exclusive 
of the Mile Area in 1933-34 is 1,417. 
Inasmuch as the population of the Mile 
Area (see Table 5) was shown to be 
606, the population for the whole 
area would be 2,023. This represents 
an increase of 153 hares, or 8 per cent, 
over the figure of 1,871 obtained by 
computing the population of the en- 
tire Lake Alexander Area as one unit. 

Similarly, in 1934-35, data for the 
area exclusive of the Mile Area yield 
a figure of 1,193, which, together with 
the figure for the Mile Area (see Table 
5), makes a total population of 1,840. 
This is 8 per cent more than the popula- 
tion figure of 1,707 derived by analyzing 
data from the entire area as a single 
unit. 

The number of hares trapped during 
the two years cited was sufficiently 
great to justify the conclusion that our 
estimate of the population on the Mile 
Area and on the area exclusive of the 


Mile Area was close to the actual popu- 
lation. It appears that the figure ob- 
tained by calculating the population on 
the Lake Alexander Area as one unit 
is 5 or 10 per cent smaller than the 
actual population. Since the factors 
that introduced this error were con- 
stant from 1933-34 to the end of the 
study, they probably did not appreci- 
ably affect the results we obtained as to 
the trend of the snowshoe hare popula- 
tion. Moreover, after 1934-35 the hares 
decreased in abundance so markedly 
that separate computation of data for 
the two parts of the area would in- 
crease enormously the probable error 
due to random sampling. For these 
reasons, although cognizant of the 
error entailed, we offer the data for the 
Lake Alexander Area as a unit as the 
most nearly accurate picture available 
of the changes in the population of 
snowshoe hares. The figures for the 
Mile Area we believe are also reliable. 

C. “Error of Random Sampling” in 
ratio determined by trapping in census 
period. Although it is impossible to 
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TABLE 7 


ERROR OF RANDOM SAMPLING, ANNUAL CENSUS 
THE MILE AREA 








H 
Year N p op 20pXN= P+20,N banded in ny P = 
period® 
1933 109 = 0.66 0.045 0.09 X109=10 62 or 82 201 265 to 610 466 to 811 
1934 179 570.45 0.037 0.074X179=13 67 or 93 335 200 to 362 535 to 697 
1935 143 70 .55 0.042 0.084X143=12 66 or 90 294 252 to 499 546 to 793 
1936 53 === 0.60 0.067 0.134% 53= 7 25o0r39 149 133 to 415 282 to 564 
1937 18 —,70.50 0.118 0.236X 18= 4 5orl3 100 38 to 260 138 to 360 
1938 14 = =0.29 0.121 0.242K 14= 3 lor 7 47 4to 47 5lto 4% 
1939 24 5j7 0.38 0.099 0.198K 24= 5 4orl4 69 14to 97 83 to 166 





* The distinction made between the total number of hares trapped in the precensus period and 
the number of hares banded in the precensus period is parallel, in these calculations, to that made 


in census calculations for the respective years. 


p=proportion of hares trapped in census period that were not banded (trapped) in precensus 


period, 


P=number of the hares trapped in census period that were not trapped (banded) in precensus 


period, 
P 


P=W 


measure in terms of statistical signi- 
ficance all of the factors that influence 
the accuracy of the snowshoe hare 
census, the method used in this investi- 
gation permits an analysis that shows 
the relative degree of accuracy in the 
several years as affected by the abun- 
dance or scarcity of hares available for 
trapping. 

It is apparent that the accuracy of 
the ratio of new-banded to other hares 
as determined in the census period is 
dependent on the number of hares 
trapped at that time. The “error of 
random sampling” decreases as the 
size of the sample increases. We have 
used the following formula in determin- 


ing the standard deviation: 


N =total number of hares trapped in 
the census period 

p=proportion of N not previously 
trapped (or banded)! in the cur- 
rent precensus period 

q=proportion of WN _ previously 
trapped (or banded)! in the cur- 
rent precensus period 


p+q=1 


1 The distinction made between the total 
number of hares trapped in the precensus 
period and the number of hares banded in 
the precensus period is parallel, in these cal- 
culations, to that made in census calculations 
for the respective years. 
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o,=standard deviation of p 


Pq 
WN 


Let us consider the data for the 
census in 1933 as an example of the 
calculations. From Table 8 it will be 
seen that 421 hares were trapped in the 
census period, 167 of which had ear 
bands from the current precensus 
period. The remaining 254 hares had 
not been banded in the precensus 
period. According to the above defini- 
tions: 





N=421 
ee 
Pp“. 
167 
q=—=0.40 
421 
0.60 X0.40 
o,= 4/———_——=0.024 
421 


If we use 2c, as our range on either 


side of the figure obtained (that is, 
0.60 + 0.048) we are almost certain to 
include the correct figure for p, since 
twice the standard deviation on either 
side of the mean includes 95 percent 
of a normal distribution curve. Trans- 
lated into terms of snowshoe hares, 
this means that the figure for X, 
“hares present on the area but not 
banded in the current precensus period,” 
(see Table 1) should be within the range 
from 1,186 to 1,767. The total popula- 
tion would accordingly be within the 
range of 2,134 to 2,715 for the entire 
area, or 427 to 543 hares to the square 
mile. 

Since the snowshoe hare populations 
for the entire area during 1936 and 
1938 were determined on a basis of the 
data for the Mile Area, the standard 
deviation of p for those years is based 
on the census trapping for the Mile 
Area only. Tables 7, 8, and 9 present 
data and calculations relative to the 
standard deviation for each year from 


TABLE 8 





ERROR OF RANDOM SAMPLING, ANNUAL CENSUS, LAKE ALEXANDER AREA 





Hares No. of 
Year N Pp cp 2opXN= P+20epN bandedin Other Popu- Area hares 
precensus hares lation included to the 
ose period* present range (sg. mi.) 8g. mt. 
1933 421 ——=0.60 0.024 0.048%X421=20 234 or 274 948 1,186 to 2,134to 65.0 427 to 
421 1,767 2,715 543 
175 
1934 329 ——=0.53 0.027 0.054X329=18 157 or 193 876 800 to 1,676 to 5.0 335 to 
329 1,243 2,119 424 
167 
1935 272 ——=0.61 0.030 0.06 X272=16 151 or 183 659 822 to 1,481 to 4.8 309 to 
272 1,355 2,014 120 
1936 (see Table 9) 
34 
1937 54 —=0.63 0.066 0.132X 54= 7 27or 41 280 280 to 560to 5.0 112 to 
54 883 1,163 233 


1938 (see Table 9) 
1939 (see Table 9) 





* The distinction made between the total number of hares trapped in the precensus period and the number of hares 
banded in the precensus period is parallel, in these calculations, to that made in census calculations for the respective 


years. 


p =proportion of hares trapped in census period that were not banded (trapped) in precensus period. 


P=number of the hares trapped in census period that were not trapped (banded) in precensus period. 


P 
p=— 
N 
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TABLE 9 


ERROR OF RANDOM SAMPLING ON THE LAKE ALEXANDER AREA 
IN YEARS WHEN PRECENSUS TRAPPING WAS 
CONFINED TO THE MILE AREA 








Ratio of hares trapped 
Population onentire area to hares 
Year range onthe Xtrapped on Mile AreaX 


Mile Area in census period 

111 

1936 282 to 564 X = x 
53 
23 

1938 5lto 94 X =: x 
14 

1939 83 to166 xX a Xx 


Corrective 





Area No.of 
included hares to the 
(sq. mt.) —8q. mi. 


_ Population 
factor = range 


=886 to1,771 4.8 185 to 369 
=126to 231 5.0 25 to 46 


=274to 550 5.0 55 to 110 


to| oo tol co 00] Oo 





1933 through 1939 for the entire Lake 
Alexander Area as well as for the Mile 
Area. As would be expected, the decline 
in population and the consequent re- 
duction of the number of hares cap- 





Shaded zone 
includes 20° 
150 4 on either sike 
of calculated 
population 








1932 1933 1934 1935 1936 1937 1938 1939 


Fig. 3. Error of random sampling in 
censuses of snowshoe hares on the Lake 
Alexander Area. 


tured from 1935 through 1938 increased 
the percentage error of random sam- 
pling. In 1937 the populations as figured, 
with twice the standard deviation 
added to and subtracted from p, yield 
figures of 233 and 112 hares to the 
square mile. In 1938 the corresponding 
figures were 46 and 25. Although these 
seem rather large ranges, the actual 
drop in the hare population during each 
of the past few years was so great that 
the trend is obvious. 

It should be remembered that the 
most likely figure for the population is 
that which was calculated directly. The 
chances that the actual number of 
hares would be at either of the extremes 
of the range determined on the basis of 
twice the standard deviation are only 
one in twenty, according to the statisti- 
cal concept of standard deviation. 
Moreover, these calculations of error 
of random sampling are based on the 
assumption that the sample taken is an 
insignificant part of the total supply 
whereas, in our work, the sample (hares 
caught in the census retrap) comprised 
from 15 to 25 per cent of the total popu- 
lation in many instances. A sample of 
this proportion should yield results 
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more reliable than would be indicated 
by the standard deviation. 

A number of general checks, such as 
field observations and comparisons of 
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Fig. 4. Error of random sampling in 
censuses of snowshoe hares on the Mile 
Area. 


the numbers of hares trapped under 
similar conditions in the various years, 
confirm the changes in population indi- 
cated by the census figures. 

Figures 3 and 4 show the range of the 
snowshoe hare populations on the Lake 
Alexander Area and the Mile Area as 
determined on the basis of twice the 
standard deviation added to and sub- 


tracted from the calculated population. 
It appears that the errors of random 
sampling were not sufficient to prevent 
obtaining a satisfactory picture of the 
trend of snowshoe hare populations. 


DIscussION 


The decline in the population of hares 
on the area as a whole, as shown by the 
figures for 1934 and 1935, did not in- 
volve the Mile Area and, consequently, 
must have been a localized phenome- 
non. Between the springs of 1935 and 
1936, the mortality factor extended to 
all parts of the area. From these data 
and the fact that from the beginning of 
our studies shock disease was seen as 
the cause of occasional deaths of rabbits 
in traps (Green and Larson, 1938), it 
appears that focal occurrence of shock 
disease was responsible for the early 
decrease in the population from 1933 
through 1935. The obvious “die-off” 
developed when shock disease spread 
over the entire area between 1935 and 
1936. Although the population in 1936 
had declined to about half the peak 
level of 1932, the mortality factor did 
not abate as an ordinary epizootic of 
infectious disease would be expected to 
do. On the contrary, it continued to 
decimate the population until 1938, 
when the number of hares on the area 
amounted to scarcely 10 per cent of the 
maximum population observed six years 
before. 

Two important deductions may be 
drawn from these data. First, the “‘die- 
off”? is due to a factor that probably 
occurs focally even during years when 
hares are abundant. Second, this factor 
seems to be dependent on a high popu- 
lation for its initial spread but persists 
over a period of several years, despite a 
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progressive decrease in numbers of 
hares, and continues to deplete the 
population until it. amounts to only 
about 10 per cent of the number of 
hares present at the peak of the cycle. 


SUMMARY 


Data obtained by the method of sys- 
tematic trapping and banding have 
shown that the snowshoe hares on the 
Lake Alexander Area reached a maxi- 
mum population of close to 500 hares 
to the square mile in 1933. During the 
next two years a moderate focal decline 
in the numbers of hares on some parts 
of the area occurred. From 1935 through 
1938, there was a continuous sharp de- 
cline until the hare population was only 
about 10 per cent of the peak number. 
The beginning of recovery from the 
decimation was marked by an increase 
in number of hares in 1939 to about 
twice the population in 1938. 
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OBITUARY 


Harry Milliken Jennison, Professor 
of Botany at the University of Ten- 
nessee, member of The Wildlife Society 
during its first year, and formerly an 
Associate Wildlife Technician in the 
National Park Service, died January 5, 
1940, His death due to coronary oc- 
clusion suddenly terminated a very 
active and productive life. His chief 
professional interest lay in the flora of 
the Southern Appalachians, but he was 
an ardent advocate of the principles of 
true conservation. He was deeply aware 
of the cultural, social, and educational 
benefits to be derived from association 
with a knowledge of nature. Wildlife 
to him was a general term including all 
living things. 

While employed by the National 
Park Service, Dr. Jennison assembled 
an excellent herbarium of the flora of 
the Great Smokies, numbering some 
1,500 species. A list of the flowering 
plants of the region based on several 
years of field work was in preparation 
at the time of his death. The necessity 
for guarding the delicate ecological 
balance in the spruce-fir forest against 
undue modification was continually 
emphasized by him. To his caution can 
be credited the saving of many exam- 
ples of native vegetation in the Great 
Smoky Mountains National Park. 

He was born in Worcester, Massa- 
chusetts, June 24, 1885. He received 
the B.S. degree from Massachusetts 
Agricultural College in 1908; that of 
A.M. from Wabash College in 1911; 
and the degree of Ph.D. from Washing- 
ton University in 1922. His teaching 

career included the following major 
appointments, principally in botany: 


Massachusetts Agricultural College, 
1908-1910; Wabash College, 1910- 
1911; Montana State College, 1911- 
1922, and the University of Tennessee, 
1924-1940 (except 1935-1937). 

He was Extension Botanist at Mon- 
tana State College from 1918 to 1922 
and Field Agent for the Bureaus of 
Plant Industry and Entomology and 
Plant Quarantine in various summers 
from 1918 to 1934. In the west he did 
notable work on range botany, in con- 
nection with grasshopper control cam- 
paigns. From June 1935 to September 
1937, he served as Associate Wildlife 
Technician at Great Smoky Mountains 
National Park, and during the summers 
of 1938 and 1939 he returned as Ranger- 
Naturalist. He was a popular leader in 
the nature-guide program and always 
made an interesting presentation of 
natural history subjects. His good 
humor and wealth of experience made 
him a pleasant companion in any 
group. 

Dr. Jennison was a member of the 
following honorary and technical socie- 
ties: Sigma Xi, Phi Kappa Phi, Ameri- 
can Association for the Advancement 
of Science, Botanical Society of Amer- 
ica, American Phytopathological So- 
ciety (Charter Member), Torrey 
Botanical Club, American Society of 
Plant Taxonomists, Southern Appa- 
lachian Botanical Club (Charter Mem- 
ber), and the Tennesee Academy of 
Science. 

Some of his outstanding publica- 
tions are: 

1929. A preliminary check-list of the 
spring wild flowers and the 
ferns of Tennessee. Journ. 
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Tenn. Acad. Sci. 4: (Supple- 
ment), 1-32. 

1935. Notes on some plants of Ten- 
nessee. Rhodora 37: 309-323. 

1938. Trillium erectum var. blandum, 
var. nov. Rhodora 40: 485- 
486. 

1938. Azaleas in the Great Smokies. 
The Regional Review (Na- 
tional Park Service, Region 
One) 1: 18-21. 


1939. Flora of the Great Smoky Moun. 

tains National Park. Journ, 

Tenn. Acad. Sci. 14: 266-298 

A more detailed account of the life 

and works of Dr. Jennison will be pub- 

lished in the Journal of the Tennesgee 

Academy of Science for April, 1949, 

A brief notice has already been pub- 

lished in Castanea (5 (1), January 
1940, p. 14.)—Willis King. 


NOTES 


Due to the later date this year of 
the annual meeting of The Wildlife 
Society, it was deemed impracticable 
to report upon the meeting and print 
the list of members as usual in the 
April issue of The JouRNAL oF WILD- 
LIFE MANAGEMENT. Instead they will 
appear in the July number. 


The usefulness of summaries of 
papers more than a page or two in 
length is recognized by all and sum- 
maries have accompanied many con- 
tributions to the Journal. The prac- 
tice might well be adopted as standard 
and this idea is commended to authors. 
If properly drawn, summaries will 


conserve the author’s own time as they 
can be used for the abstracts that are 
invariably requested. 


The “Report of Committee on Game 
Management with Reference to For- 
estry” (Journal of Forestry, 38(2), 
February 1940, pp. 137-139) made by 
6 Active Members of The Wildlife 
Society (Chase, King, Shantz, Taylor, 
Wight, and Hosley, Chairman) is a 
discussion of Civil Service examina- 
tions in relation to the field of wildlife 
management. It makes suggestions as 
to teaching the subject, improving the 
examinations and correlation of the 
two activities. 
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